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| KEEL greatly honored and deeply 
touched that you have seen fit to choose 
me to give this year’s Janeway Lecture. 
Dr. Janeway was one of the outstanding 
pioneers in radium therapy and I am 
happy at the opportunity to express my 
admiration for his accomplishments and 
even more to recall the affection I felt for 
Janeway, the man. His power to inspire 
the attitude of looking ahead, his thorough- 
ness in technique, his critical judgment of 
results, his kindness in aiding and advising 
others, are abiding forces that should and 
will remain with us so long as the art of 
radiation therapy is practiced. 

When the invitation to deliver this ad- 
dress came, the first reaction (and it still 
persists) was a feeling of inefficiency to 
properly meet the obligations of the task. 
A very grave doubt possessed me as to 
your wisdom in choosing to place me in 
the line of notables who have preceded, 
and will follow, in conducting this lecture- 
ship. After the first acute emotions began 
to subside, and a clear realization material- 
ized that you are all old friends and would 
be inclined to take good intentions for 
worthwhile deeds, | began to cast about 
for an appropriate subject for the lecture. 
My choice, it seemed to me, should be a 
discussion of some one of the problems in 
radiation still in process of solution—some- 


thing that Janeway himself, if he were 
here in person, would probably be doing 
this evening. When I communicated my 
decision to the friend who had extended 
the invitation, his advice was that the 
members of the Society and their guests 
would probably prefer an account of the 
early days of radium therapy and, particu- 
larly, my own experiences and impressions. 

While in retrospect some of these memo- 
ries are still vivid, others are fading and | 
may not be able to present them to you 
interestingly, and should you grow weary, 
you might simply slip out for a rest, but 
you need not commit the faux pas of a 
friend of mine, who, becoming extremely 
tired of a speaker, turned to a lady on his 
right and said, “I wish that man would 
stop talking nonsense and sit down.” She 
replied, ‘Sir, do you know to whom you 
are speaking? That man is my husband.” 
His reply was, ““Madam, do you know who 
am?” She answered, Hastily get- 
ting up, he said, ‘““Thank God for that,” 
and departed. 

To begin at the beginning, I began using 
radium clinically in the spring of 1911, 
exactly a quarter of « century ago. I might 
have hesitated had I realized how com- 
pletely it was to take possession of me and 
my professional activities. The roentgen 
ray and radium had been discovered dur- 
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ing my medical school days. I had seen 
the first installations of roentgen-ray ma- 
chines in Baltimore, had spent a number 
of years as an intern and associate in the 
Gynecological Department of the Johns 
Hopkins Hospital, was the Surgical Chief 
of a small hospital, was writing a book on 
“Diseases of the Kidneys, Ureters and 
Bladder,” with Dr. Howard A. Kelly, and 
felt that my professional career was well 
charted and definitely fixed. At the time, 
any suggestion of a serious diversion would 
have seemed to me absurd. 

Now, as to what brought about the 
change, it can be summarized in one word 

“Kelly.”” At that time, Dr. Howard A. 
Kelly was at the height of an extraordinary 
career—Professor of Gynecology of the 
Johns Hopkins Medical School, very ac- 
tive in the practice of his profession, in 
teaching, in investigation and in publish- 
ing. His interests were then, and are still, 
very much wider than his professional 
bailiwick. He was interested in the discov- 
eries of science in all fields, his enthusiasm 
for, and one might say, faith in, everything 
new, was immense and very infectious. In 
1908, he had purchased a small glass tube 
containing a few milligrams of radium 
bromide. In at least one case, a recurrent 
uterine cervical epithelioma treated in 
1909, he had a successful result in his en- 
deavors to use the radium. However, to 
his associates, Dr. Kelly’s radium was re- 
garded as an interesting toy and his activi- 
ties harmless. Busy as he was with many 
other things, he might have dropped the 
whole undertaking had not Dr. Louis 
Wickham, of Paris, visited Baltimore and 
addressed the Johns Hopkins Medical 
Society. Dr. Kelly asked Dr. Wickham to 
purchase for him 100 mg. of radium. | 
was not at the meeting and counselled 
against the purchase. He insisted that I go 
on to a meeting in New York City where 
Dr. Wickham was repeating his address. 
There I met, heard and was convinced by 
Dr. Wickham that radium offered real pos- 
sibilities as a therapeutic agent. At the 
same meeting, I met, for the first time, Dr. 
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Robert Abbe, who was not only the Ameri- 
can pioneer, but one of the very earliest 
users and proponents of radium in the 
world. 

Our radium from Paris came early in the 
year Ig11, and with the exception of one 
small varnish applicator, was in the Domi- 
nici tubes of platinum. When the tubes 
arrived and our first enthusiasm was over, 
we began to wonder if they contained the 
amount of radium stated. At that time, 
there was no radium at the Bureau of 
Standards in Washington and, indeed, 
Madame Curie had not completed the 
international standard; it came later the 
same year. It was suggested, at the Physi- 
cal Department of Johns Hopkins Univer- 
sity, that Prof. Boltwood, of Yale, might 
clear up the question for us. Boltwood, the 
discoverer of ionium, proved to be a 
delightful and friendly man. He had a tube 
containing a few milligrams of radium 
which had been calibrated as to gamma-ray 
output against the Vienna standard. He 
found that we were 40 milligrams short. 
The matter was taken up with Paris, and 
we soon received the additional amount 
due. Boltwood showed us the principles of 
constructing and using electroscopes. He 
had a small emanation apparatus fash- 
ioned, and came to Baltimore and set it up 
for the Hospital. In this apparatus was 
placed 30 mg. of radium bromide secured 
in 1911 from Vienna, through a friend of 
Dr. Kelly, in Scotland. 

During the vear 1911, we began treating 
some uterine cervical cancers, angiomas 
and epitheliomas of the skin, with such 
encouraging results that the idea became 
fixed that with a gram of radium, we ought 
to be able to do with extensive deep- 
seated disease what could be done with 
superficial and relatively small lesions. 

Before proceeding further in this narra- 
tive, it seems desirable to give a sketch of 
the radium situation as it presented itself 
to us twenty-five years ago. 

Roentgen rays, for fifteen years, and 
radium for twelve years, had been sub- 
jected to intensive investigations by a 
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great number of physicists, some of them 
of great genius. The relationship between 
the artificially produced roentgen rays and 
the spontaneously emitted radium rays, 
suspected from the beginning, had been 
adequately proved. The old physics was 
rapidly giving way to the new atomic 
physics. Already the riature of electricity, 
matter and energy was beginning to be 
viewed in the light of today. 

In the case of radium, its sources in 
nature, methods of purification, chemical 
characteristics, relation to uranium, and 
its own decomposition products, as well 
as the nature of its emitted rays and 
many of their properties, had all been 
established for some years, so far as funda- 
mentals were concerned. The investigation 
of roentgen rays from the physical stand- 
point had proceeded pari passu with that 
of radium, and, in addition, manufacturers 
of tubes and machines for producing roent- 
gen rays had made enormous advances in 
the way of improvements. Do not let me 
be misunderstood; I am not describing the 
status of 1936. The physical and technical 
developments since 1911 have been all but 
incredible. 

An attempt to review in detail the known 
facts that had then been accumulated by 
physicists, about the radioactive elements 
and the nature and properties of radium 
and roentgen rays, would be difficult for 
me, uninteresting for you, and inappro- 
priate for this occasion. 

SUMMARY OF PHYSICAL FACTS 

Briefly, chemists and physicists had pro- 
vided ways for the industry to offer the 
medical profession comparatively small 
amounts of pure radium salts at very high 
prices. Practical methods for separating 
from radium its emanation and its active 
deposits were available. Means for accu- 
rately measuring the amounts of these sub- 
stances in any preparation had been de- 
vised. The importance of screens in sepa- 
rating alpha and beta from gamma rays 
was definitely established. It was known 
that, under fixed conditions, the amount 
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of radiation from a given preparation of 
radium was constant. The weak, pene- 
trating power of alpha rays, the range of 
beta particles in air and various solids, 
including water and tissue, and the highly 
penetrating force of gamma rays, were 
well known. C. G. Barkla had demon- 
strated that in addition to absorption, 
scattering takes place in the passage of a 
roentgen-ray beam through matter. Mad- 
son and Florance, several years later, had 
found the same phenomena with gamma 
rays and had, likewise, noted that the 
scattered radiation was of a lower fre- 
quency. It was years later that Compton 
discovered the true nature of this effect. 
The roentgen-ray situation was at a point 
where fairly durable tubes and apparatus 
were available. Neither the present oil 
insulated transformers nor the Coolidge 
tubes had appeared. The importance of 
filters was appreciated and they were gen- 
erally employed. It was extremely difficult 
to maintain uniform operation and radia- 
tion output. Output was measured by 
photographic and fluorescent effects and by 
observation of -the electrical instruments 
and the spark gap. At the period under 
discussion, the advantage of a constant 
output of rays from radium was a great 
advantage. The advantage on the side of 
the roentgen ray was the immensely 
greater output of rays and its comparative 
cheapness. 


CHEMICAL AND BIOLOGICAL STUDIES 


Chemists and biologists had not lagged 
behind physicists, and from their stand- 
points had completed and published many 
experimental studies on the effects of the 
new rays in both inanimate and living 
materials. To be sure, some of the observa- 
tions were contradictory and the reports 
were widely scattered in the literature; 
nevertheless, the industrious radiologist 
had access to many facts which still in- 
fluence the methods of radiation. 

Chemical action in organic and inorganic 
substances was then, and is now, not so in- 
teresting to the clinician as the effects of 
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the rays on living matter. In general, these 
chemical changes were shown to vary from 
material to material and were, quantita- 
tively, surprisingly small. Alpha and, to a 
lesser extent, beta rays were found to be 
more energetic chemically than gamma 
and roentgen rays. This chemical action 
was demonstrated to be proportional to 
the intensity of quantity of radiation. The 
changes induced by radiation in photo- 
graphic emulsions, on some of the elements, 
on water, on many simple inorganic com- 
pounds, and on a number of complex 
organic compounds, including colloids, glob- 
ulins and albumins, had been recorded. 

Beginning with Schaudinn’s report, in 
1899, of his studies of the action of roent- 
gen rays on a great variety of unicellular 
organisms, including a number of varieties 
of Rhizopoda, Sporozoa and _ Infusoria, 
there followed numerous other publica- 
tions, in general confirming Schaudinn’s 
observations. It was observed that certain 
parts and certain functions were more 
acted on than others, that the action was 
greater in some varieties than in others. 

Bohn, in 1903, studying the effects of 
radiation on the eggs and larvae of sea 
urchins and frogs, was the first to show that 
developing forms were much more easily 
injured and changed than the adult ani- 
mals. To him is due the credit of first 
demonstrating that tissues which are 
growing rapidly are also the most radio- 
sensitive. He likewise observed and noted 
that in the cell itself, the first detectable 
changes were in the chromatin of the 
nucleus. This has been confirmed time and 
again by every observer who has studied 
the irradiated cell. 

Perthes, in 1904, after investigating the 
changes produced by radium in fertilized 
Ascaris eggs, concluded that cells were 
most sensitive at the time of nuclear divi- 
sion. He thus laid the foundation for irra- 
diation techniques aiming at taking ad- 
vantage of this fact. We are not altogether 
clear, even today, as to the general validity 
of his observation. 

Dominici, after prolonged and careful 
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studies of the histological changes pro- 
duced by irradiation in normal and _ neo- 
plastic tissues, arrived at the conclusion 
that the tolerance to rays was definitely 
associated and proportional to the ap- 
proach to complete adult and highly dif- 
ferentiated states, and that the more un- 
differentiated and embryonic the tissues 
were, the less their capacity to tolerate 
radiation and, conversely, the greater their 
sensitivity to injury. Fundamentally, this 
view is held to be correct today. 

The conception that normal tissues 
varied among themselves in sensitivity 
and that tumor tissues were, in general, 
more sensitive than normal tissues from 
which they originated, had been empha- 
sized by a great many observers and had 
received general acceptance by practicing 
radiologists. 

Studies directed towards a determination 
of the relative radiosensitivity and patho- 
logical histological changes noted in normal 
organs and tissues after irradiation, as well 
as in neoplasms, had been investigated on 
suitable laboratory animals, and also to 
some extent confirmed by observations of 
clinical effects in man. 

The gross and microscopical changes, 
which take place in normal skin after 
various amounts of roentgen and radium 
radiation, had been followed through all 
their stages and practically everything 
that is known today had been clearly de- 
scribed then. Injuries of skin from over-ir- 
radiation were already observed in 1896. 
The first radium injuries were self-induced 
by Becquerel and M. Curie, the husband 
of Madame Curie, in the way of experi- 
mentation. Among the first animal studies 
on this subject, was that of Darrier, in 
1897, on guinea pigs. Very thorough in- 
vestigations of all the skin elements and 
their changes from roentgen irradiation 
were reported by Scholtz in 1902. Taking 
the same animal, a young pig, Halkins 
(1903) showed almost identical changes 
from radium irradiation. 

It had been noted in the clinic that with 
unfiltered rays the epidermis is more sus- 
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ceptible than the hair follicles and the 
glands, and that the reverse condition 
holds for filtered radiation. The explana- 
tion was then ascribed to qualitative dif- 
ferences in the actions of various wave 
lengths. It was observations such as this 
that stimulated some clinicians to turn to 
radium and gave currency to the general 
belief that gamma rays were qualitatively 
more efficient and selective than roentgen 
rays. At that time, the quantitative 
physical distribution of the radiation in 
the body was very imperfectly compre- 
hended. This same idea of qualitative 
differences in action dependent on wave 
length was noted by early ophthalmo- 
logical investigators. Hard rays seemingly 
affected the cornea less than the retina, 
and the changes induced by soft rays were 
the opposite of this. Among the earliest 
workers in the ophthalmological field were 
Birch-Hirschfeld (1904), Milroy (1905), and 
Tribondeau (1907). They demonstrat- 
ed that the eyes of very young animals 
were much more radiosensitive than those 
of adults. Lack of pigment development in 
the iris, and cataract formation, were out- 
standing findings from irradiation of mod- 
erate amount. They also demonstrated 
arrest of development and a great variety 
of developmental abnormalities. 

Thies, in 1905, had described in an in- 
teresting way the histological changes in- 
duced in striated muscle, in hyaline carti- 
lage, and connective tissue, from one series 
of exposure to radium. He did not do 
quantitative work as to the relative radia- 
tion tolerance. 

Probably the most outstanding and far- 
reaching investigations, so far as showing 
the lethal dosage to small animals, as well 
as the relative sensitivity of tissues, were 
those reported by Heineke (1904 and 1905). 
With no changes observed in many tissues 
and organs, he found almost complete de- 
struction of the lymphatic elements and, 
to a lesser but very pronounced degree, 
histological injuries in the hemopoietic 
organs. While Heineke’s exhaustive and 
thorough experiments were limited by the 
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fact that he treated the whole animal, 
nevertheless his work has stood and will 
always be a monument to him. 

The peculiar radiosensitivity of the 
germinative part of the testicle was first 
shown by Albers-Schénberg (1903), who 
sterilized by roentgen rays male rabbits 
and guinea pigs. Brown and Osgood (1905) 
reported complete azospermia in 18 work- 
ers, with roentgen radiation. Within one 
year of the publication of Albers-Schén- 
berg’s report, the classical studies of 
Bergonié and Tribondeau appeared, de- 
scribing the histological changes causing 
the sterility. Two years later (1906) their 
work was further extended by Regaud and 
Blanc, who determined the radiosensitivity 
of cells in the various stages of sperma- 
togenesis. An interesting observation of 
Regaud’s, that may have had some influ- 
ence on the later development of clinical 
technique at the Curie Institute, was that 
with the same total dosage, prolonged irra- 
diation was more destructive than a single, 
intense, short dose. This, I believe, is true 
of no other tissue. 

Beginning with. 1905, the same type of 
work was reported by Halberstader, Ber- 
gonié, Tribondeau and Recamier, on the 
ovaries. Similar sensitivity of the different 
stages in the process of ovulation was ob- 
served and accurately described and il- 
lustrated. 

Less instructive from the positive view- 
point, but equally valuable, were investi- 
gations such as that of Rave (1g10) on 
thyroid tissue. He showed that normal 
thyroid histological changes were very in- 
significant from radiation that was destruc- 
tive to many normal tissues. 

Less resistant than thyroid, but greatly 
more so than the germinal and lymphatic 
tissues, was the conclusion to be drawn 
from the studies of Thies (1905) on the 
liver, salivary gland and pancreas and 
kidneys. These studies were more directed 
to determining histological effects than 
radiosensitivity. 

In 1906, Tur had shown on fish ova that 
very serious developmental defects in the 
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central nervous system followed exposure 
to radium preparations. The relative in- 
sensitivity of adult nerve tissue had been 
suggested by the experiments of Danysk 
(1903), Okada (1905), and others. They, 
however, pointed out that brain and nerve 
injuries might follow secondarily to mani- 
fest blood vessel injuries. 


EXPERIMENTAL 
NANT 


WORK ON MALIG- 
CELLS 


In 1911, comparatively new, the study of 


transplantable tumors in mice and rats 
had not received a great deal of investiga- 
tion from the standpoint of radiation action 
in the growths. Such work as had been 
done was principally on the histological 
changes following different forms and 
doses of radiation. Dominici and his work- 
ers had done more on human material 
secured by biopsy following irradiation 
than had been done on animals. 

Apolant, in 1904, irradiated with radium 
mouse carcinoma in vivo, secured some 
cures and on histological grounds con- 
cluded that the action was directly on the 
cancer cells. Bashford, Murray and Cramer 
(1905) concluded from similar studies that 
the effects were primarily in the connective 
tissue. Dominici and his coworkers (1909), 
as a result of histological studies on clinical 
material, had advanced the idea that there 
is an actual reversion of malignant cells 
to normal cells of the same origin. 

Celunet and _ Raiol-Lapainte (1909), 
working with mouse tumors, had concluded 
that they could change the nature of the 
tumors in a hereditary sense, which held 
through a number of generations of re- 
implantation. 


RADIATION CANCERS 


In Ig11, it was universally recognized 
that repeated dosage with roentgen rays 
could cause skin cancer. The first case was 
reported in 1906 by De _ Beurmann, 
Dominici and Gougerot. By 1911, Krause 


was able to collect 54 cases of this type of 


induced malignancy in France, England, 
Germany and America. In spite of these 
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reports, many roentgenologists were still 

extremely careless in exposing themselves 

unnecessarily. 
CLINICAL INVESTIGATIONS 

kor purposes of diagnosis, roentgen ap- 
paratus were installed in many clinics in 
this country and abroad as early as 1896. 
Therapeutic trials began about this time 
and reports began appearing in the litera- 
ture dealing with its technique, value and 
dangers in many pathological conditions. 
Kavorable results had been obtained in a 
variety of superficial lesions, including skin 
cancers. Nicolas Senn (1903) had demon- 
strated the effects on the large gland 
masses of leukemia and Hodgkin’s disease. 
Albers-Schénberg (1907) and Morton 
(1903) had had very favorable results in 
uterine fibroids and menorrhagias. 

[t isnot pertinent nor practical to attempt 
to summarize the clinical status of roent- 
gen therapy in these early years, but it is 
obviously impossible to pass over them. 
Krom the very beginning, both from the 
physical and clinical standpoints, roentgen 
rays and radium have been considered to- 
gether and recognized as being closely re- 
lated. 

In the beginning, the scarcity of radium 
limited its clinical use to a few medical 
men, and the quantities available to them 
did not permit of very wide applications. 
The work that had been done, however, 
was very striking and stimulating to 
further therapeutic endeavors. It is im- 
possible to estimate what our knowledge of 
the physical properties, or therapeutic 
value of roentgen rays would be today 
had radioactive substances never been dis- 
covered. However, it seems safe to surmise 
that they would have been far less ad- 
vanced than they actually are. 

The clinical study of radium began in 
Paris and while not the first to employ or 
write about it, Louis Wickham, who began 
his investigations in 1905, and died in 1913, 
deserves the credit of being the outstand- 
ing pioneer in the development of this 
therapy. As a result of work started 
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1905, principally on skin epitheliomata, he 
conceived, organized and opened, in July, 
1906, an institution for the investigation of 
radium’s therapeutic effects. In this first 
radium institute was an excellent chemist, 
a first rate physicist, a remarkable pathol- 
ogist and experimentalist—Dr. Dominici 
and several competent clinicians. An ex- 
ceedingly interesting program of study 
from various standpoints was at once in- 
augurated and successfully carried out. 

A good deal of work on the injection of 
radium salts, radium emanation and active 
deposit, to which I will not further refer, 
was carried out. 

Such questions as filtration, advantages 
of cross-firing, duration of exposures, 
histological and clinical effects, were most 
intelligently investigated. In 1909, the first 
edition of Wickham’s Radium Therapie 
had appeared. It contained a wealth of 
interesting material. Apparatus, general 
principles, technique, course after treat- 
ment, are well described in the text and 
interestingly illustrated. 

The different radiosensitivities of vari- 
ous skin epithelial and connective tissue 
tumors are reported on. 

The employment of sufficiently great, 
prolonged and homogeneous radiation, and 
follow-up of results, are gone into in the 
most thorough way. Referring to skin 
cancers of the infiltrating type, noted as 
relatively radioresistant, it is advised that 
where operable they should be treated 
surgically. In addition to a number of 
strikingly successful results in skin cancers, 
the report shows improvements in meta- 
static glands from combined irradiation 
and surgical procedures. The value of 
radium in treating small, recurrent, post- 
operative skin metastases in breast cancers 
is shown. No breast cancers were actually 
brought to a stage of complete regression. 

Actual clinical disappearances of uterine 
and cervical cancers had been obtained by 
Wickham’s associates—Cheron and Dom- 
inici. The author himself had a case ap- 
parently well for one year from radium 
alone. The preoperative and postoperative 
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use of radium had been undertaken with 
encouraging results. The palliative effects 
on hemorrhage, pain and discharge had 
been demonstrated. Favorable results had 
been obtained in a few cancers of the lip. 
Methods, but no results of treatment, in 
cancer of the tongue, rectum, esophagus 
and prostate gland, are described. 
Among non-malignant conditions, this 
work is a classic on the treatment of 
angiomas and keloids. Wickham’s results 
have never been surpassed in treating these 
conditions. Favorable results had also been 
observed in spleno-myelogenous leukemia, 
in Hodgkin’s disease, in exophthalmic 
goiter, in various skin diseases, and in 
uterine menorrhagias. 

It must not be assumed that the workers 
of the Wickham group were the only ones 
who were doing successful work in the 
radium field. Dr. Danlos, of Paris, with 
radium loaned by Madame Curie, started 
working on skin cancers in 1900 and had 
demonstrated, when he published in 1905, 
that these rays were effectual in many 
small growths. However, he took a very 
conservative position in regard to the possi- 
bilities of using radium in the treatment of 
cancer. 

One of the earliest users of radium in 
the world, and certainly the American 
pioneer, was Dr. Robert Abbe, of New 
York. To him is due the credit of first 
using and suggesting the interstitial em- 
ployment of radium and its combination 
with surgical procedures. He had published 
some very interesting results as early as 
1903. Dr. Finzi, of London, who is still 
the radiologist in charge of St. Bartholo- 
mew’s Hospital, had devised an apparatus 
for treating larynx, nose and throat, and a 
number of other conditions. Indeed, I 
might go on mentioning a great many in- 
dividual workers with radium in this early 
period. What they had done was very much 
like what Wickham and his associates had 
accomplished, but on a considerably smaller 
scale. The Radium Institute in London, 
which had its inception from the work done 
in Paris, had just opened. I will have some- 
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thing more to say about it a little farther 
along. 
THE FIRST YEAR’S WORK 

From the foregoing, comment as to our 
training and fitness for entering the field of 
radium therapy may seem superfluous. We 
were primarily interested in its use in 
gynecology and particularly in cancer as it 
is found in that branch.of medicine. Dr. 
Kelly possessed about 130 milligrams of 
radium, of which 30 milligrams were in 
solution, and nearly all the remainder in 
platinum tubes as devised by Dominici. 
Our first step was to test out the skin reac- 
tions with each apparatus. During this 
entire year, we followed out the technique 
of the Paris Institute as closely as we could. 

Dr. Kelly made a trip of inspection to 
England and France in the summer of Ig11, 
and the things that interested him most 
of all were the roentgen-ray spectra and 
crystal studies being carried on by Prof. 
Bragg and his brilliant son, who was to 
perish later in the World War. 

We soon found that we could not limit 
our use of radium to gynecological condi- 
tions. In the first year, only one-third were 
in this field and the remainder, with the 
exception of some small epitheliomas, 
keloids, and angiomas of the skin, were 
huge inoperable skin, rectal, bladder, colon, 
lip, tongue and other malignancies. 

The emanation output was principally 
dispensed to some medical associates who 
had become interested in the reports of 
Prof. Gudzent, of Berlin, on his experiences 
in treating arthritis and gout. First, water 
was used as a solvent, and later alcohol, 
owing to its very much greater capacity to 
hold the emanation. Some of these patients 
claimed to receive a great deal of benefit 
from taking emanation in this way by 
mouth. In the case of several, we came to 
the conclusion that it was the alcohol that 
kept them coming back because they com- 
plained bitterly when put on aqueous solu- 
tions. After three years, we abandoned this 
type of therapy, influenced not only by 
grave doubts as to its value, but also be- 
cause of the contamination of our electro- 
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scopes and the fear of injuring the per- 
sonnel preparing the solutions. 

We had observed the so-called selective 
action of gamma rays on keloids, angiomas 
and epitheliomas of the skin and cervix, 
and the effects on the menstrual function 
in two menorrhagias. 

Very little had been told us, and the 
literature contained less, about injuries 
and methods of avoiding them either in 
patients or in operators. That first year 
taught us the advisability of using long 
forceps in handling the radium prepara- 
tions. Our operating nurse burned her 
fingers rather badly. It was only after 
Dr. Kelly’s visit to London that we be- 
gan to appreciate the necessity of lead 
screens and distance in protecting workers 
with radium. One of the first injuries in 
patients we noted was proctitis after pro- 
longed treatment of extensive vaginal 
cancers. 

These early experiences convinced us 
that radium was a valuable therapeutic 
agent, that the work of Dr. Wickham and 
his associates was sound, but that with the 
amount of material we possessed, only 
comparatively small malignancies could 
be effectually treated. We did not consider 
it was sensible or right to treat any stage 
of cancer which could possibly be treated 
surgically. This limited us, for example, in 
cervical uterine cancer, to recurrent cases 
and hopelessly inoperable ones. Never- 
theless, the results were very suggestive 
and it may interest you to know that two 
cases, one a recurrent cancer, and one too 
extensive for operation, not only disap- 
peared, but stayed away. The patients are 
living today and, apparently, free of 
cancer. In the early years, there was the 
greatest scepticism as to the permanency of 
radiation cures. 

Certain general impressions derived from 
our experiences were formulated into 
theories which very decidedly controlled 
our actions for a long time. 

First among these was the conviction 
that gamma radiation from radium was 
qualitatively much more efficient in cancer 
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therapy than roentgen rays. While we have 
long known this to be an error, it did keep 
us on the radium side of the radiation prob- 
lem, and kept Dr. Kelly willing and anxi- 
ous to secure more radium. 

Second, was the belief that much more 
was to be learned about the clinical effects 
from actual trial on patients, than by any 
amount of animal and laboratory experi- 
mentation. 

Third, without any definite evidence, 
other than clinical, we believed that 
cancers responded to irradiation not only 
because of lethal effects of the rays on 
cancer cells, but because the body was 
able in some way to deal with injured cells. 
The how of this is a problem still with us 
today; attempts to answer it have been 
made by many investigators. 

Fourth, the only way to secure adequate 
dosage at a depth was by using not only 
cross-firing, but distance from the skin, 
and that to do this, as much radium as pos- 
sible should be available. With no knowl- 
edge of depth dose intensities, we estimated 
that back-scattering would probably neu- 
tralize absorption and that the inverse 
square law ought to be valid. This is al- 
most true. 

Satisfactory as the results were in small 
and superficial lesions, our experiences with 
extensive and deep-seated malignancies 
were not at all striking. The hospital was 
being called on more and more to treat 
patients in the advanced stages of cancer. 
By simple electroscope measurements, the 
tremendous decrease in the intensity of ra- 
diation, caused by increasing distance from 
the source, was so striking that the in- 
evitable conclusion was reached that either 
more radium must be secured, or the work 
definitely limited to small lesions. 

Early in 1912, Dr. Kelly urged me to 
make a trip to Europe, with two aims: first, 
to see something of what was being done 
clinically in London, Paris and elsewhere; 
and, secondly, to secure, if possible, more 
radium for our own use. This trip turned 
out to be a delightful one from every stand- 
point and, in addition to fulfilling the two 
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primary purposes of the voyage, it led to 
the formation of a number of most delight- 
ful friendships which have persisted ever 
since. 

Landing in Liverpool, my first stop was 
to present a letter, given me by Prof. Bolt- 
wood, to Prof. Ernest Rutherford, then 
Professor of Physics at Manchester. I was 
received with every kindness and courtesy, 
and shown the equipment, and told about 
the work then going on in the physical 
laboratories of the University. Prof. Ruther- 
ford then, as now, was a most remarkable, 
vigorous and impressive man. He had his 
laboratory technicians make me_ two 
Toepler pumps for an emanation plant, 
and also several electroscopes for different 
uses in our laboratories. Years later, we 
were able, in a way, to return this kindness 
and interest by furnishing the Cavendish 
Laboratory at Cambridge with the polonium 
which was used by Prof. Chadwick in his 
discovery of neutrons. 

In London, I called on Dr. Finzi, who 
is still the active head of the Radiological 
Department of St. Bartholomew’s Hos- 
pital, and he ‘showed me some patients 
and demonstrated several apparatus which 
he had developed for treating intraoral 
cancer. I then spent several days at the 
Radium Institute which had been open for 
more than a year, and which already 
possessed nearly 4 grams of radium bro- 
mide. I learned there that the one place to 
secure radium, if it was securable, was 
from the Department of the Bureau of 
Mines of the Austrian Government, in 
Vienna. A considerable part of the radium 
at the Institute was in solution, and they 
were very much impressed with the con- 
venience of using radon, instead of solid 
radium salts, in their apparatus. I met at 
that time, Dr. Heywood Pinch, Director, 
Dr. Arthur Burrows, his first Assistant, Dr. 
Alton, the Physicist, and Mr. Mottram, 
the Experimentalist. The Institute was 
being run night and day, through shifts of 
doctors and nurses, and the patients were 
of the type described by Wickham in his 
book. Altogether, I spent several days 
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there, during which time I saw a number of 
patients being treated, and also examined 
patients who had been treated previously. 

The members of the Institute were thor- 
oughly alive to the possibility of injury to 
workers by prolonged exposure to radium. 
They felt that frequent examinations of 
blood, long rest and vacations every year, 
were very essential to doctors and nurses 
who were employed permanently. This 
was, perhaps, the most valuable informa- 
tion which I gathered at that time from 
the work at the London Institute and was 
directly responsible for our instituting all 
the precautions we could at our own 
hospital. 

In Paris, I was not quite as much at 
home as in England, mainly on account of 
an inadequate knowledge of French. | 
called on Dr. Cheron, who had already 
published the result of his treatment of 
cervix cancer and menorrhagia. Unfor- 
tunately, during the several days I was in 
Paris, he did not have a case to show me, 
but he explained very fully the methods he 
had used and the results obtained. I was 
greatly disappointed and distressed to find 
that our friend, Dr. Louis Wickham, was 
ill and in the south of France, I have always 
understood that Dr. Wickham died from 
tuberculosis. His associates were very kind, 
indeed. Dr. Degrais showed me a number 
of skin cancers and angiomas—those which 
were being treated and those on which they 
had already obtained nice results. Dr. 
Dominici, who I found was a bundle of 
energy and enthusiasm, took great pains to 
show me their laboratory and animal work, 
and to explain the importance of platinum 
filtration, and went into great detail as to 
the importance of thorough and systematic 
dosage. 

From Paris, I went directly to Vienna 
and called on Prof. Stephan Meyer who, 
with Prof. Honigschmidt, was the first to 
produce a chemically pure radium salt, 
and at that time, the Vienna standard was 
the only one in existence. A letter from my 
friend, Dr. Boltwood, had paved the way 
to a cordial reception. Prof. Meyer was 
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very pleasant, took me around the labor- 
atory, opened a safe and showed me a large 
flask containing a gram or more of radium 
bromide in solution. He arranged for me 
to go to the Bureau of Mines, where I was 
referred to the director, Herr Wolf. He in- 
formed me that they had some radium 
which they were willing to dispose of and 
he thought the amount was about 200 milli- 
grams. This radium must have been a 
rather impure  radium-barium-bromide 
combination, because it occupied a con- 
siderable space in a glass tube about 13 
inches long by 3 inch in diameter. Herr 
Wolf was a rather fine looking man, about 
fifty years old, and looked like a substantial 
business man. 

The time necessary for communicating 
with Baltimore and securing funds to pay 
for the radium, and also to give sufficient 
time to Prof. Meyer to measure the radium, 
was a matter of several days. I found that 
at that time in Vienna, there was not a 
great deal of interest in radium, although 
two years later it was taken up in the 
Gynecological Clinic of the University. 
There was a little radium being used in 
the Skin and Eye Clinic at the Allgemeinen 
Krankenhaus. 

In the meantime, I had heard of the re- 
markable results being obtained in the 
treatment of uterine fibroids by Kroenig 
and Gauss, in Freiburg. During my student 
days, on a visit to Germany, | met Prof. 
Kroenig who was then an assistant in the 
Leipzig Clinics. It seemed to me quite in- 
credible that uterine fibroids could disap- 
pear from roentgen treatments which did 
not cause any serious injury of the skin 
and integuments. I decided to utilize the 
days I had to wait, by visiting Freiburg. 
Here I was treated most cordially by Prof. 
Kroenig, shown everything by Dr. Gauss, 
and introduced to Friedrich, the physicist 
who had so much to do with the introduc- 
tion into clinical medicine of methods of 
measuring roentgen rays and who was an 
assistant of Laue and aided him in his dis- 
covery that by passing roentgen rays 
through a crystal, a spectrum could be ob- 
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tained. The Freiburg Clinic obtained its 
first impetus towards the use of roentgen 
radiation in treating uterine fibroids from 
Albers-Schénberg, but they had developed 
the technique and carried on the treat- 
ments on a scale which Albers-Schénberg 
could not have done. | was more than 
astonished to see the results which were ob- 
tained and so much impressed that when 
I returned home, I immediately got in 
touch with my friend, Clyde Snook, and 
persuaded him to make me a treatment ap- 
paratus. This was an induction coil with 
a mercury interrupter, and was replaced 
about a year and a half later by one of 
Dessauer’s transformers. 

On returning to Vienna, Dr. Meyer told 
me he had measured the radium, and found 
198 milligrams of radium element in the 
preparation. Funds had also arrived from 
Baltimore. After securing the radium, | felt 
a great responsibility for its safe transpor- 
tation home. As delivered to me, the 
original glass tube was wrapped in a thin 
layer of lead and this was in a small card- 
board box. For safe keeping, I placed this 
in my overcoat pocket until I was safely on 
the train. I went directly back to London. 
Before reaching there, I had developed a 
typical case of radium nausea that gave 


me visions of an acute yellow atrophy of 


the liver. As a matter of fact, I had a skin 
burn over the liver on the abdominal wall 
which took several weeks to heal. When 
the sickness was over, I went back to my 
friends at the Radium Institute and they 
were kind enough to remeasure it against 
their own preparations and found it about 
as it had been measured in Vienna 

On reaching New York, the radium was 
taken away from me and sent to the Col- 
lector of the Port. After waiting two days, 
I secured it from the Collector himself who 
asked me a great many questions about It. 
There were, of course, no duties on radium 
but the Inspector at the port said they did 
not know what it was and they had no 
authority to pass it. 

For three weeks after reaching Balti- 
more, we used this tube surrounded by 
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lead, as a kind of distance applicator. By 
that time, we had received from the Bishop 
Platinum Works, seven tubes designed for 
holding this radium which was then trans- 
ferred into them. This was rather foolishly 
done at the hospital, but there was no loss, 
I am glad to say, in the transfer. 

The improved facilities for treatment 
afforded by the additional radium, added 
to an increasing clinical experience and 
confidence in its use, were reflected in 
better and more consistent results and in 
more systematic work. Methods of safe- 
keeping, sterilizing, handling with as great 
safety as possible, combining for different 
purposes, were instituted for the radium 
itself. Our clinical, microscopical and path- 
ological laboratory, material, personnel 
and space were expanded. Development of 
dosage plans and trying them out and 
establishing a system in recording tech- 
niques and results occupied a great deal of 
time. 

During the year, the work was expanded 
to take in rectal, breast, urinary bladder 
and mouth cancers, as well as a few cases 
of large sarcomas, Hodgkin’s disease and 
leukemia. We did, relatively, a good deal 
more surgical, radium combination treat- 
ments, than we ever have since then. 

It was still felt that more radium was 
essential so Dr. Kelly decided to purchase, 
if possible, a gram of radium. Having no 
financial responsibility, and a great longing 
to explore, his staff, of which I was the 
senior member, enthusiastically endorsed 
this move. Correspondence was entered 
into with the responsible department of 
the Austrian Government, and in the 
summer of Ig912, a contract was made 
for delivery in Vienna early in January, 
1913. The impression we had was that 
the Austrian Government was very much 
pleased with the opportunity of selling this 
material. Before the time of delivery, the 
Austrian and German clinics had become 
interested in radium and the supply was, 
apparently, insufficient. Our delivery was 
postponed three months and then we were 
informed that we could have only a small 
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part of the total amount. This was a great 
disappointment, but of short duration, for 
we learned, in a few days, that radium was 
being produced from Colorado ore in Pitts- 
burgh, by the Standard Chemical Com- 
pany. 

I went to Pittsburgh with authorization 
to purchase radium if it was available. I 
met Mr. Flannery, the President of the 
Standard Chemical Company, Mr. Kelly, 
the President of its Radium Subsidiary, 
Mr. Viol, 
this Society, then the Chief Chemist of the 
organization and, | think, Dr. Cameron, 
who was acting as Medical Adviser. Mr. 
Flannery was a typical successful business 
man of great energy, and was, as a layman, 
intensely interested in the intravenous and 
intratumoral injection of radium solutions. 
He offered to supply me with any amount 
of this material. A Scotch ancestry, which 


had transmitted a considerable amount of 


caution, was, I think, in a large measure 
responsible for my declining this offer. | am 
happy to say that none of my associates 
nor | ever used radium in this manner. As 
a matter of fact, the method had been 
used in Paris and the serious consequences 
of this procedure were not recognized until 
vears later. 

We purchased 750 milligrams of radium 
element in the form of almost pure radium 
chloride, to be placed in glass tubes and 
these in one millimeter platinum covers, 
each tube to contain 
element. This order was executed in the 
course of a few months. Mr. Kelly, per- 
sonally, brought the tubes to Baltimore as 
they were prepared, and I checked the 
quantities against our standard. So far as 
| could determine, the amounts were up to 
specification. A year later, when Mr. 
Dorsey, also a member of this Society, had 
established the radium standardization de- 
partment in the Bureau of Standards, he 
rechecked the measurements and found, 
apparently, that we had received about 2 
per cent more radium than we had de- 
termined, due to there being that excess 
amount in our standard. 
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Early in 1912, the newly organized 
Bureau of Mines, of the Department of 
the Interior of the United States Govern- 
ment, learned of the carnotite deposits in 
Colorado, found that a good deal of it was 
being exported abroad and that the claims 
were being acquired rapidly by private 
interests. They felt that the radium was 
being sold at an excessive price, that the 
amount of it was limited, and that it should 
be made free knowledge as to how to mine 
the ore and to extract the radium and its 
by-products, that Congress should appro- 
priate funds for this purpose, and that the 
radium recovered should go to the Govern- 
ment hospitals. In addition to the Bureau 
of Mines, a number of individuals, includ- 
ing Dr. Kelly and myself, went before 
the Committee of Congress to urge this 
action. It was opposed vigorously by many 
ore miners, including the Standard Chemi- 
cal Company, and was defeated. The ideas 
of Government business undertakings were, 
at that time, in marked contrast to those 
that prevail today. 

The Bureau then turned to a plan of 
cooperative agreement, by which it was 
to furnish the technical staff and the neces- 
sary funds for operating were to be sought 
from private sources. | have always under- 
stood that a number of institutions were 
approached as to this project, but only two 
men could be interested. The first was Dr. 
James Douglas, the head of Phelps-Dodge 
and Company, who was a friend and pa- 
tient of Dr. James Ewing and, philanthrop- 
ically, greatly interested in the Memorial 
Hospital of New York. The second was 
Dr. Kelly who, with Dr. Charles Parsons, 
then Chief of the Division of Mineral 
Technology of the Bureau of Mines, made 
a visit to the Paradox Valley, in Colorado, 
where some of the principal ore deposits 
were located. The ore was, at that time, 
in great demand and rising in price. For- 
tunately for the enterprise, a group « of 


vaulable carnotite mines containing claims 
was owned by the Crucible Steel Company. 
They had been secured originally for their 
vanadium content but were not profitable 
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as operating properties for this purpose 
alone. | went to Pittsburgh with Dr. Par- 
sons, met the officers of the company and 
we were fortunate again in finding Mr. Du- 
Puy, the President, a sympathetic listener, 
and a very satisfactory agreement was 
arrived at. A number of conferences were 
then had with Dr. Douglas in New York. 
At the time, he was a very old and ill man, 
but had, I believe, a much clearer idea of 
the economic difficulties than anyone else. 
At one of these meetings, I encountered, 
for the first time, Dr. James Ewing and, 
needless to say, was most favorably im- 
pressed by his vast knowledge of cancer 
and his convincing arguments that new 
methods of treatment were imperatively 
needed. 

The National Radium Institute was 
organized officially in October, 1913. The 
plant was in operation by June, 1914. The 
entire enterprise was under Dr. Charles 
Parsons; Dr. R. B. Moore, a distinguished 
physical chemist, was in charge of the 
plant and was assisted by Dr. S. C. Lind. 
The mining operations were under the 
direction of K. L. Kithil and Jno. Davis. 
The enthusiasm, industry and capacity of 
this group and their associates cannot be 
overestimated. I made a number of visits 
to the Denver plant and out in the mining 
field. With very little knowledge of the 
great West, and no knowledge of industrial 
chemistry and mining, it was like stepping 
into a new world. Already convinced that 
the most desirable field of human activities 
was in physics, I began to wonder why I 
had been so blind as not to have taken up 
as a life activity mining engineering and 
metallurgy. In other words, we were very 
enthusiastic over the new friends and new 
things we were seeing. 

The Bureau of Mines was very successful 
in its undertaking and a full report of its 
activities is described in Bulletins No. 103 
and 104, of the Department of the Interior, 
Mineral Technology, 11 and 12. 

By October, 1915, we had received more 
than a gram of radium in Baltimore and, 
ultimately, a total of 8.5 grams was pro- 
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duced by the Institute. Operations were 
over by January, 1917. Approximately 4 
grams were allocated to each hospital. 

As the plant was still intact, Mr. Alfred 
DuPont, who had mined some pitchblend 
in Gilpin Co., Colorado, had this treated 
and about 250 milligrams were obtained in 
all. This he gave to the Howard A. Kelly 
Hospital. 

Late in 1913, I visited England and Ger- 
many. In the latter country, I was prin- 
cipally impressed with the roentgen treat- 
ment of uterine cervical cancers at Bum’s 
Clinic, in Berlin. The actual treatments 
were under the direction of an assistant, 
Dr. Warnekros, a good looking, energetic 
fellow, fully convinced that he was on the 
right track. As a matter of fact, Bum re- 
ported four of these patients as well a num- 
ber of years later. For the hospital I pur- 
chased 100 milligrams of mesothorium, or 
rather the radium equivalent of that 
amount. The advantages were mainly those 
of volume; it was supposed to occupy less 
than half the space of radium of the same 
ray emitting activity. 

Beginning in the fall of 1913, in addition 
to the type of patients we had been treat- 
ing earlier, we began to employ our radium 
in a single package at various skin dis- 
tances up to 10 cm., in treating deep- 
seated conditions. Among these conditions 
were brain tumors, mediastinal tumors, 
abdominal tumors, breast, uterine and rec- 
tal malignancies, and uterine fibroids. At 
this same time, we began combining our 
radium into apparatus so that we could 
treat a cervix cancer, or a cancer of the 
body of the uterus, within a few hours. 
This method is, to some extent, still prac- 
ticed in our clinic. 

If there were time, it might be of interest 
to recount the details of the technique and 
some of the accidental injuries and results 
obtained in these early cases. What im- 
presses me, in looking them over now, is 
the number of severe injuries and the num- 
ber of permanent cures. From this period, 
there are living today patients who then 
had such conditions as mediastinal tumors, 
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sarcomas of the neck, thyroid carcinomas, 
endothelioma of the brain, sarcoma involv- 
ing the dorsal vertebra with complete para- 
plegia, a large abdominal malignancy due 
to testicular tumor. Of all of these cases, 
perhaps the most striking is the cure of a 
very extensive intrinsic carcinoma of the 
larynx. This man, who received a very 
heavy single treatment, at a distance of an 
inch, to the larynx and who had a severe 
burn going all the way down to the car- 
tilage, had the growth completely clear up 
and never had a recurrence. However, he 
did have a long and painful period of con- 
valescence from the burns and he, more 
than any of the other patients, impressed 
upon us the danger of over-irradiation. 
While this had its sunny aspect, it also was 
unfortunate, in that it prevented us, for a 
number of years, from adequately irradiat- 
ing other larynx cases for fear of a similar 
experience with burns. 

From this period also dates cervical 
cancer cures of the type that are now called 
“frozen pelves,” which I think is a very 
bad name. 

Although we had published nothing as 
to our results, our first paper was presented 
at the meeting of the American Medical 
Association in the summer of 1914. We 
began having a great many visitors inter- 
ested in radium therapy, mainly Ameri- 
cans, but also some foreigners. Among 
these visitors were Dr. Harvey R. Gaylord 
then in charge of the New York State 
Institute in Buffalo, Prof. Wm. Duane 
who was just beginning his work at the 
Huntington Laboratory, Dr. W. H. B. 
Aikins, of Toronto, Dr. John M. Lee of 
Rochester, N. Y., Dr. J. B. Bissell of New 
York, Dr. R. E. Loucks of Chicago and 
Dr. John G. Clark of Philadelphia. It was 
stimulating to chat with these men and 
learn of their experiences, plans and ideas. 
A number of them are dead now. Many of 
them were members of this Society and 
some of them acted as its principal officers. 
Prof. Duane was a particularly close friend. 
In early 1915, I visited the Huntington 
Hospital in Boston, and saw, for the first 
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time, in the physical laboratory of the 
University, quantitative spectroscopic ex- 
amination of a roentgen-ray beam. Dr. 
Greenough and Dr. Ordway, who were in 
charge of the actual treatments, were most 
cordial. | remember I was greatly im- 
pressed by the orderliness of the treat- 
ments and, particularly, by the beautiful 
and accurate method of recording the cases 
which Dr. Ordway instituted. 

[t was in the early part of 1915 that we 
decided to abandon the use of radium salts 
and to go over to the use of emanation 
in our apparatus. Walter Lantsbury, 
who had been for several years Prof. 
Rutherford’s technician in Manchester, 
England, came over to us. Lantsbury im- 
ported with him, directly from Prof. 
Rutherford’s laboratory, the method of 
purifying radon, or emanation as it was 
then called, by the liquid air method. 

A number of different happenings con- 
tributed to our discontinuing the use of 
radium salts in our applicators. In the first 
place, we found the tubes, especially in 
combination, were cumbersome for a great 
many of our treatments. In the second 
place, most of our radium was in the form 
of soluble chloride and in several instances 
rupture of the inside glass container re- 
sulted in emanation leaks. In the third 
place, with about thirty-five pieces of 
apparatus in all, we found it increasingly 
difficult to keep accurate count and to 
thoroughly sterilize them without some 
fear of loss. 

As a matter of fact, it is my impression 
that we were the first Americans to lose 
a tube of radium. The necessity of con- 
stantly changing our nurses for their own 
protection, led to real difficulty in making 
them highly efficient. A tube containing 
50 milligrams of radium element disap- 
peared. A search of the hospital proved 
fruitless. It was concluded that it might 
have been thrown out with some dressings 
which had been taken away by the City 
Garbage Department. An interview with 
the head of this department resulted in our 
conferring with the garbage carrier who 
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took care of our district. He took us out to 
the country about five miles, to a vast field 
covered with garbage heaps and pointed 
one out that he thought might be the de- 
pository of the hospital garbage. An hour’s 
work with the electroscopes failed to show 
any evidence of radium. We had about de- 
cided to give up, when 100 feet from this 
place, we suddenly noticed a little discharge 
of the electroscope. The tube was located 
ina large heap of garbage. This was spaded 
into buckets and finally, by division and 
subdivision, the radium was located in a 
small quantity of refuse and recovered 
from this. Interestingly enough, in all the 
years since that time, we have never lost a 
tube. 

To this day we are employing an appa- 
ratus which has slowly evolved from Mr. 
Lantsbury’s original set-up. In the begin- 
ning, the matter of liquid air presented 
some difficulties, but for a good many 
years, in Baltimore, it has been very easy 
to secure this in any quantity desired and 
at any time. Later on, I saw Dr. Duane’s 
chemical purifying apparatus in Boston, 
and still later at the Memorial Hospital 
in New York. It was devised principally, | 
believe, because of the desire to get away 
from the use of liquid air. 

All of our radium, in the fall of 1914, had 
been transferred into an emanation plant, 
except the original French tubes which con- 
tained insoluble radium sulphate. Several 
years later, these were transformed into 
chlorides at the laboratory of the National 
Radium Institute. The tubes of mesotho- 
rium were disposed of to a luminous paint 
company for equivalent value of radium. 
The radium which began coming a year 
later from Colorado was in soluble form 
and immediately put in solution. 

With the beginning of 1916, I had the 
opportunity of seeing a good deal of Dr. 
Janeway and Drs. Stone and Ewing and 
their associates in New York City, at 
the Memorial Hospital. It was always an 
inspiration to see the vast number of pa- 
tients and the methods of taking care of 
them at this institution. My acquaintance- 
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ship with Dr. Quick, Dr. Failla and many 
others came later. Dr. Healy, who followed 
Dr. Bailey, was an old friend from medical 
school days. Of our original staff prior to 
1916, only Dr. William Neill remains. 
Some are dead; some are in other lines of 
medical work. 

Having a considerable quantity of ra- 
dium, and running it night and day, as we 
did then, our roentgen treatment studies 
were considerably neglected from 1916 on 
until after the War. It is true that contacts 
with Dr. Case, of Battle Creek, and espe- 
cially with Dr. Pfahler and others, kept the 
interest alive and led to some combination 
treatments of roentgen rays and radium. 
Immediately after the War, it was greatly 
revived by a visit to the Erlanger Clinic, 
which Dr. Wintz headed. However, I am 
passing out of early experiences and getting 
into modern times and so will conclude this 
paper. 

Dr. Duane, as early as 1915, had pointed 
out to me the advantages of using emana- 
tion points and, indeed, we had tried this 
method of treatment in a few cases. It 
never impressed me, however, as it did Dr. 
Janeway, who put the technique on its feet, 
and we were also quite slow in going over 
to the Memorial Hospital development of 
implantation of radon seeds, removable or 
irremovable. While we used, from the 
earliest dates, tubes buried in tissues and 
in tumors, we did very little work, com- 
paratively, with radium needles. 

Where very heavy cross-firing was neces- 
sary, it was evident that some form of 
limiting the beam might be advantageous. 
Our first crude attempts at teleradium 
apparatus were started about 1918. It was 
three or four years later, however, before 
a fixed apparatus was devised for this 
purpose. 

By this time, | knew nearly everyone in 
the country who was engaged in the use of 
radium, and I am sorry I was not one of 
the charter members who organized this 
Society in 1916; I came in a year or two 
later. 

Immediately after the War, I saw in 
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Baltimore Prof. Forssell and learned of the 
work which had started ten years earlier 
at the Radiumhemmet. I also had visits 
from Dr. Holfelder of Frankfort, Dr. 
Regaud of Paris, and Dr. Holthusen of 
Hamburg. This fairly takes us up to mod- 
ern times. 

In the very early days of radium therapy 
and, indeed, to some extent to this day, 
there was violent opposition by some of the 
leading members of the medical profession 
but, on the whole, I think the radiologists 
have been helped and their work has gone 
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forward almost as much through the sym- 
pathy and cooperation of men engaged in 
other lines of work, as through their own 
endeavors. This was never truer than at the 
present time. The enormous increase in 
clinical knowledge, which has kept step 
pari passu with the progress of physics, 
chemistry and biology, leaves us with a 
field for exploration as great as that in any 
other medical specialty. I might add that, 
so far as technical methods are concerned, 
nothing is absolutely settled and that many 
things have not been touched upon. 


| 
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QUALIFICATIONS FOR THE PRACTICE OF 
RADIUM THERAPY* 


By G. W. GRIER, M.D. 


PITTSBURGH, PENNSYLVANIA 


N THE EYES of the law the licentiate 

in medicine is competent to practice 
medicine, surgery and all the medical 
specialties. This must have been true at 
one time, of course, but I imagine it would 
be difficult to find anyone today, including 
the members of medical examining boards, 
who would be willing to accept such a fact 
as a practical working basis. 

As a matter of fact, although the curricu- 
lum in all our medical schools includes 
instruction in all the specialties, | am sure 
no high grade medical school would claim 
that their graduates were fitted to practice 
anything but general medicine without 
further post graduate experience or educa- 
tion. 

This is quite an anomalous situation 
and it is a little dificult to understand why 
it is allowed to continue. I suppose the 
answer is that medical practice, dealing as 
it does with human life, must of necessity 
cling to old ideas until it has been proved 
beyond any possible doubt that innova- 
tions will conserve and not sacrifice life. 

Such an idea could hardly apply to the 
present situation in medical specialties, 
but we are so steeped in the principles of 
conservatism that we cannot accept any- 
thing new until it becomes old. 

In the time of Benjamin Franklin, 
medical colleges undoubtedly taught all 
that was known about the medical special- 
ties; and graduates, upon receiving their 
degree, began immediately to practice 
medicine, surgery, obstetrics and whatever 
else came their way. 

It is true there were surgical specialists 
in that day, but no one looked askance at 
the general practitioner who did his own 
surgery. 

As a matter of fact, it was not unttl the 


period of my own youth that the idea began 
to gain ground that the practice of surgery 
should be separated from the general prac- 
tice of medicine. 

When I graduated in medicine it was 
common opinion that if a doctor intended 
to do his own surgery he should spend a 
year in a hospital as an intern. Other prep- 
aration was not considered necessary. 

At this day no one would accept a sur- 
geon who had not taken specific post 
graduate instruction for an adequate 
period of time. 

I use the specialty of surgery as an ex- 
ample because it is the best organized and 
most widely publicized of all the medical 
specialties and also because it more closely 
resembles the practice of radium therapy 
than does any other. 

I say this because all other specialties, 
with the exception of roentgenology, are 
founded on an anatomical or pathological 
basis while surgery is founded on a specific 
method of treatment the same as is radium 
therapy. In one instance the instrumental- 
ity is the surgeon’s tools; in the other it 
is radium. 

Because of this similarity, the history of 
the development of surgery as a specialty 
may prove a useful guide in the instance of 
radium therapy. 

Some reassurance may be gained from 
the fact that it required about two hundred 
years for surgery to pass from the hands 
of the general practitioner to those of the 
specialist. Beside this the twenty-odd 
years that radium has been used in the 
treatment of disease seems trifling and the 
progress that has been made seems quite 
all that could be expected. One can sym- 
pathize with well-intentioned efforts to 
restrict by law the use of radium to those 
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who can prove themselves competent to 
use it. This is especially a reasonable de- 
mand since there is so little instruction in 
radium treatment in the average under- 
graduate medical curriculum. 

However, it hardly seems likely that our 
governing bodies will pass laws requiring 
special proof of competence from those 
wishing to use radium and at the same 
time ignore the practice of all the other 
medical specialties. 

We are inclined to blame the present 
chaotic legal status of medical specialism 
on our law makers, whereas the fault really 
lies with the profession itself. Until some 
sensible system of education for specialists 
is evolved no change in our laws can be 
expected and in fact I doubt if any is de- 
sirable. 

The profession itself should decide what 
education and experience are adequate prep- 
aration for the practice of the specialties, 
and when they have done so, I think they 
will find our law makers quite willing to 
adopt these standards. At the present time 
any physician can become a specialist by 
simply declaring himself so. 

[ am not sure that the proper solution of 
this problem does not lie in a change in 
our undergraduate education. 

Theoretically a specialist develops after 
some years of general practice during which 
he attains an aptitude along some certain 
line. In practice most of our specialists 
today proceed immediately from their in- 
ternship to the study of some specialty. 

If this becomes general, I submit that 
it would be better to change the entire 
undergraduate course and educate the 
student who so desires for the specialty 
he intends to practice. By such a system 
there would be no question of inadequate 
training for the specialist and his diploma 
would be proof of that training. 

We will turn now to the specialty under 
discussion, that of radium therapy. The 
Council on Medical Education and Hospi- 
tals classify this as a subdivision of Radiol- 
ogy, under which is included all branches 
of spectral radiation. 
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If the use of radium were confined to 
radiologists the problem would undoubt- 
edly be much simpler, but the practice of 
radium therapy today is in much the same 
situation as surgery was one hundred 
years ago; the main qualification for its 
use is the possession of a patient. We should 
probably not be impatient about this since 
time cures all things. 

When we come to consider the knowl- 
edge necessary for the proper use of ra- 
dium, we find, first, a definite and rather 
complicated technical problem, again quite 
comparable to surgery. 

The technique governing the use of 
radium must be mastered first before its 
application to disease can be considered. 
The problem is not entirely one of physics, 
since a general knowledge of clinical effects 
is also necessary. 

The therapeutic roentgenologist has an 
advantage over others when he takes up 
the study of radium therapy, since he al- 
ready has considerable knowledge of these 
effects. However, I do not advocate that 
the use of radium should be confined to 
roentgenologists. 

As a matter of fact, when we come to 
study this problem we find three classes of 
physicians who have a perfectly legitimate 
excuse to use radium: 

1. The radium specialist who confines 
his practice to the use of radium. 

2. The radiologist who finds radium a 
necessary adjunct to roentgen radiation in 
the treatment of cases which normally 
belong to his specialty. 

3. Other specialists who are perfectly 
competent to treat the diseases which 
naturally belong to their specialty and who 
must use radium if they are to treat some 
of those diseases properly. 

Among these specialists are the general 
surgeon, the gynecologist, the urologist, 
the proctologist, the dermatologist, and 
possibly others I may have overlooked. 

When radium is used by any of these 
three classes a common basic knowledge 
of the technical considerations above re- 
ferred to is necessary. 
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In addition, of course, one must have a 
detailed information of the disease under 
treatment and this differs greatly since 
radium is used in a variety of diseases; 
and, in addition, the manifestations of the 
same disease may differ when it involves 
different locations. 

For instance, the problem in treating 
cancer of the skin is entirely different from 
that of cancer of the rectum. 

It often happens, particularly in cases 
of malignancy, that the same patient may 
require radium treatment, surgical pro- 
cedures and also roentgen treatment. 
Should these be administered by three dif- 
ferent individuals, or should one of these 
specialists qualify himself to carry out all 
these lines of treatment? You see the prob- 
lem of overlapping specialties is just as 
acute here as in some of the other divisions 
of medicine. 

It would seem that the comprehensive 
use of radium is so interlocked with surgical 
procedures that either the exclusive radium 
specialist must have a fair knowledge of 
surgery, or else the surgeon must equip 
himself to use radium intelligently. From 
the standpoint of energy expended, | 
imagine it would be a toss-up whether the 
radium expert should study surgery, or 
the surgeon should study radiation therapy. 

But the problem does not stop here. 
What of the various other specialists who 
meet with cases requiring radium treat- 
ment during the natural course of their 
practice? 

It seems probable that these specialties 
will eventually absorb radium therapy as 
it applies to their particular branch in the 
same way that they have adopted surgical 
procedures. 

The gynecologist, urologist, or proctolo- 
gist does not call in a general surgeon to 
carry out surgical procedures on his pa- 
tients. He has appropriated surgical pro- 
cedures for his own use. It seems rea- 
sonable that eventually he will do the 
same thing with radium therapy, and if 
and when he becomes competent to do 
this, unbiased opinion will concede that 


Qualifications for the Practice of Radium Therapy 


455 


this is not only logical but more efficient. 

The greatest cause for criticism at the 
present time is that so few surgical special- 
ists appear to feel that any specific study 
of radiation is necessary in order to use 
radium successfully. As a matter of fact, 
if any considerable number should feel 
the urge for such instruction, suddenly, 
like the converts at a Methodist camp- 
meeting, it might be a matter of consider- 
able embarrassment as to just where this 
instruction might be carried out. 

Eventually I am sure instruction in the 
proper use of radium will be an integral 
part of the education in all those specialties 
where it must be used, but at the present 
time training in the specialties is too hap- 
hazard to make this practical. 

Radiologists have set a good example by 
demanding a training period of three years 
devoted exclusively to the study of radiol- 
ogy before one wishing to practice this 
specialty may be considered qualified. If 
a like period of training were required for 
all the specialties there would be time and 
undoubtedly opportunity for those special- 
ists who need: radium in their practice to 
qualify themselves to use it properly. 

In the meantime the American Radium 
Society might do a little missionary work 
by encouraging all those physicians who 
use radium in their practice to become 
interested in the work of this Society. 
There may be an impression in some quar- 
ters that the American Radium Society is 
intended primarily for radiologists, but I 
do not think the majority of the members 
will subscribe to this view. 

With the available facilities for the dis- 
semination of knowledge regarding the use 
of radium as limited as they are, there is 
an excellent opportunity for this Society to 
futher the cause of education in this spe- 
cialty. That this is not an idle thought is 
proved by the example of the two national 
roentgen ray societies which during a 
period of about thirty years have been 
largely instrumental in building up that 
specialty from nothing to a group of highly 
trained and well informed physicians. 


456 


To return to our specific discussion of 
those commonly using radium, we have still 
to discuss the radiologist. For a number of 
years the use of radium was largely in his 
hands. His experience in the use of roent- 
gen therapy and the fact that the diseases 
commonly treated by him are also the con- 
ditions where radium is used, would seem 
to make him particularly eligible to use 
radium. It is therefore not strange that the 
bulk of radium therapy is in his hands. 

The Council on Medical Education and 
Hospitals of the American Medical Asso- 
ciation have classified radium therapy as 
a branch of radiology and I feel personally 
that the properly trained therapeutic radiol- 
ogist should be competent and experienced 
in radium therapy. 

However, I see no reason why the gyne- 
cologist or other specialist who needs 
radium in his work should not also be com- 
petent and experienced in radium therapy 
to fit his needs. It seems more logical that 
he should do this than that the radiologist 
should perform the surgical procedures 
which might be necessary in such cases. 

This brings up the question as to how 
far the radiologist may encroach upon the 
surgical specialties when carrying out 


radiation treatment. I suggest that a fair 
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rule to follow is that the radiologist may 
properly carry out such other procedures 
outside his specialty as would properly be 
carried out by a general practitioner. That 
is, of course, always providing that the 
radiologist is not also qualified in some 
other specialty. 

There are undoubtedly many cases 
where the best interests of the patient can 
only be served by a whole-hearted coopera- 
tion between the radiologist and the sur- 
geon. If both radium and roentgen treat- 
ment are to be used the radiologist should 
at least help to plan the radium treatment 
regardless of who actually applies the 
radium. If major surgical procedures are 
necessary, it goes without saying that no 
one but a competent surgeon should carry 
these out. 

As time goes on we become more and 
more accustomed to the idea of coopera- 
tion in medical work. The greater amount 
of work being done in hospitals where phy- 
sicians come in close contact with each 
other and mutual consultation and adv ce 
is made easy, tends to emphasize the ad- 
vantages of closer cooperation. There is no 


field where this is more desirable than 
among the various specialists who use 
radium. 


LIMITATIONS OF RADIUM THERAPY IN 
CANCER OF THE CERVIX* 


By PALMER FINDLEY, M.D. 


OMAHA, NEBRASKA 


Y APPROACH to the subject as- 

signed to me is that of a gynecolo- 
gist, not a radiologist. Long a champion of 
radium therapy in certain pelvic disorders 
of women, I have found the utmost satis- 
faction with radium as a substitute for 
surgery in perhaps Io per cent of all gyne- 
cological cases. In my practice radium has 
replaced surgical procedures in 25 per cent 
of all fibroids of the uterus, 100 per cent of 
all so-called essential hemorrhages of the 
uterus that fail to respond to medicinal 
treatment and in all cancers of the cervix. 
But my enthusiasm for radiation therapy 
in cancer of the cervix has been somewhat 
tempered by disappointments in late re- 
currences and in distressing complications. 
Questionable cures of 25 per cent of all 
cancers of the cervix are not satisfying, 
nor is it altogether reassuring to be re- 
minded that results would be better if 
cases came to us in the early stages, for 
even so we could boast of not more than 
50 per cent five year cures. This is not 
enough. 

For want of a more efficient remedy for 
the treatment of cancer of the cervix, | 
have turned with no little optimism to the 
task of preventing its occurrence. | am 
aware that the term “‘pre-cancer’’ does not 
meet with universal approval. There are 
those who hold that there is no such thing 
as a pre-cancerous condition; that a given 
lesion is a cancer or it is not a cancer. Call 
it what you will, the clinical significance of 
certain abnormalities of the cervix is un- 
deniable. Gynecologists will bear witness 
to the gratifying results in cancer preven- 
tion by the timely removal of traumatic 
and inflammatory lesions of the cervix. In 
7,209 cases assembled from the records of 
Ward, Lynch, Norris, Miller, Crossen, 
Novak, Healy, Pemberton, Smith, Davis 


and Graves, in which trachelorrhaphy, 
amputation and cauterization were em- 
ployed for the relief of lacerations of the 
cervix with associated inflammatory le- 
sions, only 6 subsequently became malig- 
nant and of this number 5 followed upon 
simple repair of the cervix. I have no hesi- 
tancy in saying that at least 80 per cent 
of all cancers of the cervix can be prevented 
by the timely repair of the lacerated cer- 
vix and the application of the cautery to 
cervical inflammatory lesions. Thus does 
the ounce of prevention out-balance the 
mythical pound of cure. 

Surgery having attained the limits of 
its possibilities in the treatment of cancer 
of the cervix, we have resorted to irradia- 
tion and have had the satisfaction of at 
least matching the results obtained by the 
most experienced surgeons who have re- 
sorted to heroic operations, and we have 
done so with a shorter period of hospitali- 
zation, less suffering and a much lower pri- 
mary mortality. Thus in a comparative 
sense we are assured of progress. But con- 
fronted as we are with the limitations of 
radiation therapy, we ask—has pelvic 
radiation therapy for cancer of the cervix 
much more to offer? If constrained to reply 
in the negative, then the search must go on 
for.a more efficient remedy. 

My earliest reactions to the cancer prob- 
lem were decidedly fatalistic. Only in those 
rare instances when the disease was found 
in its earliest stage did I find encourage- 
ment. Then came Wertheim’s radical ab- 
dominal operation and for a time I experi- 
enced the thrill of doing something heroic. 
But soon my enthusiasm was restrained 
by the painful realization that I was sub- 
jecting my patients to unwarranted risks. 
With the advent of radiation therapy I 
foreswore surgery in favor of radium. As 
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one case after another responded like magic 
to irradiation, despair gave way to renewed 
hope. As I observed these cases from month 
to month, enjoying apparent health, my 
faith was strengthened. But there came a 
time when, after a period of well-being of 
one to five years, one case after another 
showed unmistakable evidence of a con- 
tinuation of the disease and ultimately 
succumbed. These disappointments have 
come to me in sufficient numbers to con- 
vince me of the uncertainty of cure in any 
case, however early it may be treated. They 
have caused me to wait beyond the con- 
ventional five year limit before pronounc- 
ing a permanent cure. I am pleased to note 
that George Gray Ward is now reporting 
his ten year results. This, as Ward says, 
will give us a more accurate evaluation of 
the curability of cancer by irradiation than 
the usual five year standard. Furthermore, 
occasional complications may be brought 
to light that were not recognized at an 
earlier time. Ward found the disease 
arrested for at least five years in I case in 
4 of all stages, 1 in 2 where the disease was 
confined to the cervix, and 1n 7 out of Ioin 
the earliest cases. In the ten year group | 
in 6 of all cases and 2 out of 3 of the very 
early cases were apparently cancer free. 
Seventy per cent of the five year group 
survived the ten year period. Since there 
are occasional recurrences beyond the ten 
year limit we will look forward to a report 
from Ward on a fifteen year group. 
Unfortunately we have no certain means 
of determining the extent of the cancer 
invasion. We bracket a given case in Group 
1 or 2, knowing full well that whether we 
resort to surgery or to irradiation, the tell- 
tale pelvic and leg pains may arise to con- 
found us in later years. And so we are 
bound to admit that we have not emerged 
from the empirical stage of radiation ther- 
apy, and we will not until we can judge 
with unerring accuracy the extent of the 
malignant invasion and determine in ad- 
vance the response of the tissues to the in- 
fluence of the rays. Quoting Dr. H. H. 
Bowing, “It is impossible to select patients 
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who are decidedly sensitive in reaction 
from those in whom the response seems 
sluggish and retarded.” This is but another 
way of saying that we cannot hope to 
escape disappointments and avoid compli- 
cations. So long as the uncertainty of tissue 
reaction exists there will be local recur- 
rences from under-irradiation and there 
will be necrosis of normal tissues from 
over-irradiation. But so there is uncertainty 
and there are mishaps all along the line 
in the practice of medicine because we have 
not emerged from the art of medicine into 
an exact science, nor have we been able to 
eliminate the human element which is 
never infallible. Such are our limitations 
but happily we do learn from the hard 
school of experience and experience has 
taught us to avoid many a pitfall while 
administering ever-increasing dosages. 

[ am certain that you will all agree with 
me that the job is too great for any single 
man. To attain the ultimate in radiation 
therapy there must be a knowledge of bio- 
physics which few, if any, clinicians pos- 
sess, and there must be a clinical discern- 
ment with which the technician is seldom 
endowed that will permit not only a diag- 
nosis in the early stages of the disease but 
a determination, as far as it is humanly 
possible, of the extent of the invasion. 
Equally encumbent upon the clinician is 
the ability to recognize associated lesions 
in the pelvis and to appraise the general 
condition of the patient; all of which must 
be reckoned with if we are to obtain the 
best results with a minimum of failures. 

If only an all-star team can bring about 
the best results what may be said of the 
prevailing practice of renting radium to any 
and all who may apply, with the assurance 
that adequate instruction will be forth- 
coming from “the world’s ablest radium 
therapists”? So simple and assuring come 
these appeals that the unwary are trapped, 
radium therapy is discredited and the con- 
sumer, as always, pays the price. 

The mortality chargeable to radium ther- 
apy in cancer of the cervix is estimated at 
I to 3 per cent in the hands of experts, and 
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to this we must add certain crippling 
sequelae which cannot always be avoided. 
What the toll in lives and health may be 
the country over no one knows but it is 
safe to infer that the percentage of unfor- 
tunate results is much higher. 

As experience grows with the years, I 
become increasingly impressed with the 
necessity for deliberation in preparing my 
patients for irradiation, just as I would for 
a major surgical operation. The undernour- 
ished, anemic individual and, above all, 
the tissues that harbor infection call for 
the exercise of caution and all means at 
our command must be employed to rid the 
patient of such debilitating handicaps. The 
time lost in improving local and general 
conditions will be more than compensated 
for in the avoidance of serious complica- 
tions. In my experience it has been the 
stirring up of latent pelvic infections that 
has given me the most grief. It is not al- 
ways possible to identify these latent in- 
fections, hence the violent and unexpected 
reactions we occasionally experience. Fail- 
ure to recognize latent infections, or choos- 
ing to ignore them, are the sources of many 
of our unfortunate results in pelvic irra- 
diation; convalescence is prolonged, and 
life may be sacrificed. Much damage may 
be averted if the radium is removed at the 
onset of a sharp rise of temperature. Re- 
grettable as it may be that the irradiation 
must be stopped for a time, the ultimate 
results will justify the delay. To dispose of 
these infections before applying radium, 
time, rest and the building up of the body 
resistance are the essential factors. Vaginal 
douches will not rid the tissues of infecting 
microorganisms, they only serve to allay 
the odorous and irritating discharges. Ac- 
cumulations of pus within the pelvis, wheth- 
er in the tubes, the uterus or the para- 
metrium, must be attacked surgically 
before resorting to irradiation. Since in all 
advanced cancers of the cervix there are 
infecting microorganisms with inflamma- 
tory reaction the application of the roent- 
gen-ray pelvic cycle will go far in preparing 
the field for radium irradiation. 
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Parabuceu reports astonishing results of 
a survey of several of the Russian clinics 
in which 24 per cent of all cancers of the 
cervix were found in women _ between 
twenty-four and thirty years of age. In 
my own experience the incidence does not 
exceed 10 per cent. In commenting upon 
these findings Stout ascribes the frequency 
of cancer of the cervix in young women to 
the effects of artificial abortions and to the 
use of contraceptives. I have seen cancer 
of the cervix in a six months infant and I 
have seen it in a woman ninety-two years 
of age. So we do well to disregard the age 
limit for cancer. By so doing we may be 
relieved of the dire consequences of irra- 
diating an unsuspected gravid uterus. 

Cancer of the cervix complicating preg- 
nancy presents very grave and perplexing 
problems. While preconception pelvic irra- 
diation probably has no bearing upon the 
health of children born later, postconcep- 
tion therapeutic pelvic irradiation is very 
likely to result in the birth of unhealthy 
children. Goldstein and Douglas report 
$0.7 per cent of unhealthy children and 
49.3 per cent-of healthy children among 
75 exposed to radium and roentgen irradia- 
tion in utero. With the exception of 2 of the 
38 defective babies whose mothers were 
syphilitic, the deformities found in them 
were believed to be directly chargeable to 
the effects of the rays. These defects in- 
cluded microcephalic idiocy, of which there 
were 16 out of the 38, hydrocephalus, 
cretinism, spina bifida, club feet, ossifica- 
tion defects of the cranial bones, deformi- 
ties of the upper extremities, alopecia of 
the scalp, divergent squint and blindness. 
This is an appalling picture and one that 
should put us on our guard lest we commit 
the error of irradiating the pregnant 
uterus. If 1 out of every 2 children is 
mentally or physically defective following 
therapeutic pelvic irradiation of the gravid 
uterus two precautionary measures would 
seem to be indicated. First, that a diag- 
nosis of pregnancy should be made before 
proceeding with irradiation, and second, 
that the pregnancy should be terminated 
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prior to irradiation. Happily, it is now 
possible by means of a biological test (the 
Aschheim-Zondek test) to diagnose preg- 
nancy in the first week of gestation. | 
would sugges* that, before proceeding to 
irradiate a cancer of the cervix in a 
childbearing woman, the biological test 
for pregnancy be made as a routine pro- 
cedure. Where this precautionary measure 
is not adopted an exploratory curettage 
should precede the application of roentgen 
rays or radium. 

While the percentage of abnormalities is 
greater when radiation therapy is carried 
out in the early months of gestation, it 
must be borne in mind that the cells of the 
central nervous system are sensitive to the 
rays to a high degree throughout the entire 
period of fetal development. The amount 
of radiation does not seem to bear any re- 
lation to the severity of the defects. How- 
ever, there is no evidence that diagnostic 
pelvic irradiation injures the developing 
fetus. While defects in growth are com- 
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monly observed it is remarkable that even 
heroic doses of radiation seldom interrupt 
pregnancy. The fetus usually continues its 
development to term though the growth 
may fail to proceed in an orderly manner. 

Animal experimentation and clinical ob- 
servations bring us to the conclusion that 
ova damaged by irradiation are incapable 
of fertilization. It follows that pregnancies 
occurring subsequent to irradiation will 
probably not be seriously influenced. In 
interrupting the pregnancy where the can- 
cer is far advanced, and hence infected, 
my preference is for abdominal hysterot- 
omy—this to minimize the incidence of 
postabortive infection. As an additional 
precaution, I think it wise to defer irradia- 
tion for at least a week following the inter- 
ruption of the pregnancy. Every pregnant 
uterus that is invaded is potentially in- 
fected and it is well to await such time as 
will assure the absence of infection before 
resorting to irradiation.* 


* For discussion see page 494. 
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CLINICAL RESULTS AND HISTOLOGIC CHANGES 
FOLLOWING THE RADIATION TREATMENT 
OF CANCER OF THE CORPUS UTERI* 
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of the uterine corpus 
may be confined to the uterus for a 
considerable period of time after the onset 
of the disease. For this reason, a relatively 
high percentage of the cases are operable 
when the diagnosis is established. Among 
the patients with early lesions, surgery has 
proved to be an efficient method of treat- 
ment. It is generally agreed that irradia- 
tion is to be employed in cases of advanced 
disease. Not all patients with early lesions 
can be treated by hysterectomy, however, 
because cancer of the corpus uteri tends to 
occur in elderly women. Age alone may 
not contraindicate an operative procedure, 
but there are frequently associated con- 
ditions that increase the risk considerably. 
In such instances irradiation has been used 
with good results. 

Other factors besides the patient’s age, 
physical condition, and extent of the dis- 
ease, are of importance for determining the 
proper method of treatment. There is evi- 
dence that hysterectomy alone is inade- 
quate for all patients with operable lesions. 
Mahle,” Lindsay,?? Healy and Cutler,” 
Kamniker,! and others, have demon- 
strated that a definite relationship exists 
between the histologic structure of the 
tumor and the end-result. In the well- 
differentiated lesions a high percentage of 
cures has been obtained. Practically none 
of the patients with anaplastic varieties 
of carcinoma have survived if treated by 
surgery alone. Healy and Cutler reported 
that the diffuse or anaplastic carcinoma, 
Grade Iv, represented 12 per cent of their 
series of 100 cases. Six patients treated 
by irradiation, or combined irradiation 
and hysterectomy, were cured. They felt 


that surgery alone was distinctly contra- 
indicated in this group. In a recent paper 
by Murphy” no five year operative cures 
were reported for patients with tumors of 
histologic Grades 111 and iv. However, 
among patients with the same type of 
lesions who were treated by irradiation, 15 
per cent and 14 per cent, respectively, were 
free of disease. 

The influence of the histologic type upon 
the prognosis, and the large number of 
patients not suited to surgery due to asso- 
ciated constitutional conditions, has led 
to a greater use of irradiation in the treat- 
ment of corpus cancer. Some authors advo- 
cate radium and roentgen rays for all cases 
of this disease. However, it should be noted 
that the intrauterine application of radium 
is not a simple procedure. It is difficult to 
determine the size and location of the 
primary lesion. The tumor may form a 
bulky mass that will distort the cavity so 
greatly that radium cannot be applied in 
a manner that will deliver a suitable dis- 
tribution of radiation. Approximately 20 
per cent of the cases are complicated by 
myomata that may also distort the cavity. 
Sampson*! has demonstrated the difficulties 
encountered in making a correct applica- 
tion of radium in such instances. Roent- 
genograms were taken of a number of re- 
moved uteri after capsules had been in- 
serted to simulate the intrauterine treat- 
ment of corpus cancer. An opaque material 
was used to outline the cavity. It was 
usually impossible to place the capsules in 
a position that would adequately irradiate 
all portions of the tumor. He discussed the 
danger of the radium capsule acting as a 
piston to force blood containing tumor cells 


* Read at the Twenty-first Annual Meeting, American Radium Society, Kansas City, Mo., May 11-12, 1936. 
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through the lumina of the tubes into the 
peritoneal cavity. There is also the pos- 
sibility of perforating the uterine wall if 
pressure is made during the insertion of 
radium against a portion of the myome- 
trium that is infiltrated by the disease. 
Some authors consider endometrial cancer 
to be radioresistant, and therefore not 
suited to radiation treatment. Others have 
feared that the use of roentgen rays or 
radium would increase the technical dif- 
ficulties of an operation performed at a 
later date. This has not been the experience 
of Healy."!* Postoperative roentgen treat- 
ment has been used fairly extensively. 

Both irradiation and surgery have been 
demonstrated to be of value in the treat- 
ment of carcinoma of the uterine body. It 
is desirable to avoid a debate upon the 
advantages of one method over another, 
which may result in destructive criticism 
rather than constructive information. Clin- 
ical results must be compared, and the 
effect of irradiation upon corpus lesions 
should be studied. These observations will 
contribute data upon the degree of radio- 
sensitivity of cancers of the corpus uteri, 
and their response to different amounts of 
radiation. Technical procedures may be 
devised for delivering an adequate dose 
throughout the tumor-bearing region with- 
out over-irradiating surrounding normal 
tissues. 

For comparing the results from surgery 
and irradiation a large number of patients 
should be used. To collect a group of suffi- 
cient size one must depend upon published 
statistics. In such an instance it is difficult 
to obtain a uniform type of material. The 
comparison must be made upon operable 
cases. 

Heyman" has divided his patients into 
three groups. If it seems possible to excise 
the tumor, and the patient is in suitable 
condition for surgery, the case is grouped 
as being clinically operable. On the other 
hand, if such an individual is a poor opera- 
tive risk because of associated constitu- 
tional conditions, she is classified as tech- 
nically operable. Patients with extension 
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of the disease beyond the limits of the 
myometrium are termed inoperable. If 
both the corpus and cervix are involved, 
he prefers to consider them under an in- 
dependent grouping. He states that “most 
of these cases seemed to correspond to the 
classical description of corpus cancer and 
until quite recently we have registered 
them as such. During later years, however, 
we have temporarily kept them separately 
under the heading, Cancer Corporis et 
Colli Uteri....Our possibility of compar- 
ing different statistics on corpus cancer 
will be entirely ruined if one clinic places 
these with the corpus cases and another 
with the cervical cancers. ... It isa fact that 
it frequently is impossible to place these 
cases in one or the other conventional 
groups without violating the diagnosis.”’ 

All of his patients were treated by irra- 
diation. In a few instances this was fol- 
lowed by hysterectomy if the primary 
treatment proved unsuccessful. Among 42 
patients classified as clinically operable the 
five year relative cure rate was 64.3 per 
cent. In the technically operable group 
were 79 patients, of whom 39.2 per cent 
survived. More than half of the 56 cases 
of cancer corporis et colli uteri had ad- 
vanced lesions, but about one-fourth were 
apparently early. Only 35 of the patients 
were treated, and of this number 25 per 
cent were five year cures. The different 
results obtained in these groups illustrates 
the importance of such a classification in 
providing a uniform material for compar- 
ing radiological and surgical treatment. In 
most publications upon the results from 
irradiation it is not possible to separate 
the clinically and technically operable 
patients. 

In the absence of any widely used classi- 
fication of this sort, any large series col- 
lected for evaluating the two methods must 
be made up of patients with operable le- 
sions, without regard to their physical 
condition. Furthermore, it is not practical 
to consider the effect of the histologic type 
upon the end-results, because these data 
are omitted in many reports. Upon this 
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TABLE | 
RADIATION TREATMENT OF CORPUS CANCER—ALL 
CASES 


FIVE YEAR RESULTS* 


Num- | Num- | 


Per 
Author ber ber | Cent 
Living | Cured 
von Jaschke*® 13t | 5 38 
Healy and Cutler" 39 16 41 
von Biben' 267 | 4 1§ 
Bowing and Fricke 64 | 12 | Ig 
Burnam? 6g ig |} 23 
von Mikulicz-Radecki 
and Volbracht”4 } | 18 45 
Haupt'® a7 | 2g 
Beattie’ 10 | 3 30 
Hurdon and Chambers!” | 4 $7 
Dietel® g2 28 3 
Voltz* 138 56 41 
Norris”® 28 15 $4 
Busch* 16 31 
Heyman'* 163 | 76 47 
Nordmeyer*’ 28 i2 | 43 
Wintz** 73 | 43 
Murphy” 77 | 21 | 27 
Total gg8 | 372 | 37 


* Collected statistics upon the radiation treatment of all cases 
ot corpus cancer. 
t Statistics include traced patients only. 
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basis it is interesting to note that several 
authors!’ are in fairly close agree- 
ment as to the average percentage of five 
year cures in collected statistics. For all 
cases treated by irradiation, including both 
operable and inoperable lesions, average 
five year cure rates of from 32 to 36 per 
cent have been shown. Among patients 
with operable lesions from 47 to $4 per 
cent have survived this period of time. In 
every large series the cures obtained from 
hysterectomy have been from 56 to 59 
per cent. 

The results given by a number of differ- 
ent authors have been grouped together 
for comparative purposes in this report. 
For the most part these publications have 
appeared during the past six years. In 
Table 1 are given the statistics that have 
been collected upon the radiation treat- 
ment of all cases. Both operable and 
inoperable lesions are included. It can be 
seen that the five year cures obtained by 
the various authors varied from 15 to 57 
per cent. However, if the entire series of 
998 patients is considered, 372, or 37 per 
cent, survived. This value compares favor- 
ably with that noted by others for collected 


TABLe II 


RADIATION TREATMENT OF CORPUS 


CANCER-——OPERABLE 


AND INOPERABLE CASES 


FIVE YEAR RESULTS* 


Author 


Number 


Treated 

Bowing and Fricke’ 16 
Burnam‘ 27 
von Mikulicz-Radecki and Volbracht*! 34 
Hurdon and Chambers'® 
Dietel® 83 
Voltz*’ 85 
Heyman!* 42 
Nordmeyer*’ 28 
Wintz** 
Murphy”* 58 
Total 


Operable Cases 


Number | Per Cent | Number 


Inoperable Cases 


| Number | Per Cent 


Living Cured | Treated | Living Cured 
8 xe) 48 4 8 
1S 55 42 4 9 
18 53 6 
4 80 2 fe) 
28 34 9 fe) 
50 59 §3 6 11 
27 64 35 9 26 
66 70 76 7 re) 
22 38 19 
250 53 | 290 | 30 | 10 


* Collected statistics upon the radiation treatment of corpus cancer. The patients have been divided into operable and inoperable 


groups. 
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statistics on all cases treated by irradiation. 

An attempt was made to separate the 
patients included in Table 1 into operable 
and inoperable groups, but it was not pos- 
sible to make such a classification in every 
instance. These data are given in Table 
11. Among the operable cases the five year 
cures varied from 34 to 8o per cent. Of the 
entire number of 473 patients, 250, or $3 
per cent, survived this period of time. Only 
10 per cent of the 290 inoperable cases 


Taste III 
SURGICAL TREATMENT OF CORPUS CANCER—OPERABLE 
CASES 
FIVE YEAR RESULTS* 
Num- | Num- Per 
Author | ber ber Cent 
Treated) Living | Cured 
Stacy™ 288F 184 64 
von Jaschke*® 45t 23 Xe 
von Biben® 28T 12 43 
Pfleiderer*® 176 85 48 
Burnam‘ 6 3 SC 
Kamniker”! 40 26 65 
von Mikulicz-Radecki 
and Volbracht™ 65 34 $2 
Haupt!? 45 35 7 
Smith® 152 78 
Beattie* 12 9 75 
Norris”* 3 6c 
Busch* 14 45 
Nordmeyer”’ 34 24 7) 
Total 927 §30 $7 


* Collected statistics upon the surgical treatment of corpus 
cancer. 
t Statistics include traced patients only. 


were reported as cured. These data are al- 
most identical with those given by other 
authors for similar studies. 

The surgical statistics that have been 
collected are shown in Table ur. In some 
of the publications it was stated that post- 
operative roentgen treatment had been 
used. Among the various reports the five 
year results ranged from 43 to 85 per cent. 
For the entire number of 927 patients, $30, 
or $7 per cent, were cured. 

In each series of collected statistics the 
average five year result has compared 
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favorably with the. values given by other 
authors. A greater percentage of five year 
cures has been obtained from hysterectomy 
than by irradiation. It should be noted, 
however, that in small groups of clinically 
operable patients reported by Heyman,'* 
Hurdon and Chambers,'’ and others, the 
irradiation statistics are superior to the 
average result from surgery. It is impor- 
tant that a similar classification of corpus 
cases be adopted by all authors. By this 
means it will be possible to collect a more 
uniform type of material so that a more 
accurate evaluation of the two methods 
can be made. 

Several publications have been pre- 
sented upon the combination of irradiation 
and hysterectomy in the treatment of 
cancer of the corpus uteri. Postoperative 
roentgen treatment is employed frequently. 
This has not resulted in any marked im- 
provement over the results obtained from 
surgery alone. Preoperative irradiation 
seems to be of greater value. In a recent 
report by Healy’? the effect of treatment 
administered before and after hysterec- 
tomy was compared upon 24 patients with 
adenocarcinoma, Grade 111. Fifteen of the 
patients were irradiated before the uterus 
was removed. Of this number, 60 per cent 
were cured. In g patients postoperative 
treatment was given, and only 33 per cent 
survived. It should be noted that most of 
the patients who were treated before opera- 
tion received an intrauterine application of 
radium in addition to roentgen radiation. 
Those who were given postoperative irra- 
diation were treated by means of roentgen 
rays alone. 

In Table 1v are given the results re- 
ported by a few authors for the combina- 
tion of irradiation and surgery in the 
treatment of cancer of the corpus uteri. 
All of these patients received irradiation, 
usually given by means of an intrauterine 
application of radium, before hysterectomy 
was performed. Of the entire group of 91 
patients, 60 per cent were five year cures. 
In comparison with other collected statis- 
tics the number of patients is not large. 
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TABLE IV 
COMBINED IRRADIATION AND HYSTERECTOMY IN THE 
TREATMENT OF CORPUS CANCER 
FIVE YEAR RESULTS* 
Num- | Num- Per 
Author ber ber Cent 
Treated, Living Cured 
Healy and Cutler" 22 17 77 
Bowing and Fricke® 45 23 $1 
Burnam’ 9 5 55 
Norris?* 10 66 
Total @I 60 


* Collected statistics upon the combination of irradiation fol- 
lowed by hysterectomy in the treatment of corpus cancer. 


The average result is not improved ma- 
terially over that obtained from surgery 
alone. However, the statistics given by the 
various authors are interesting. In only 
two instances were the five year cures less 
than 60 per cent. One of these is the result 
reported by Bowing and Fricke.® Of their 
45 patients, 18 were described as having a 
favorable prognosis. The remaining 27 
were considered unfavorable. In the favor- 
able group 72 per cent were five year 
cures. Among the others only 37 per cent 
survived. Despite the fact that the total 
number of patients included in Table rv is 
not great, the excellent result reported by 
each author indicates that the combina- 
tion of irradiation followed by hysterec- 
tomy, whenever practical, is the method 
best suited to the treatment of cancer of 
the corpus uteri. 
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The results in the treatment of cancer of 
the corpus uteri on the Gynecological Serv- 
ice of the Barnes Hospital, and the Wash- 
ington University School of Medicine, have 
been reported by Newell and Crossen.*° 
Their statistics included the patients ob- 
served from 1921 to 1929. The average 
cure rate for all cases treated by various 
methods was 56 per cent. Among 20 pa- 
tients treated by hysterectomy alone there 
was a 65 per cent five year survival. Sur- 
gery and irradiation were combined in 23 
instances, and resulted in a cure rate of 60 
per cent. Of the 13 patients treated by 
irradiation alone, 1§ per cent survived. 
Both roentgen rays and radium were em- 
ployed. In some instances, however, only 
roentgen rays were used. This form of 
treatment was given before or after opera- 
tion, or employed alone. 

At the present time a greater number of 
patients are available for five year statis- 
tics. However, for the data here given, only 
the patients who had received an intra- 
uterine application of radium have been 
considered. In 28 instances a tandem was 
applied before the uterus was removed, or 
in combination with roentgen treatment. 
To this number have been added the 20 
patients treated by hysterectomy alone, 
who were reported by Newell and Crossen. 
Since those who were irradiated by means 
of roentgen rays only have not been in- 
cluded, the total group is composed of a 
lesser number than appeared in the pre- 


TABLE V 
FIVE YEAR RESULTS FOR ALL METHODS OF TREATMENT* 


Surgery Alone 
I listologic 


Irradiation and Surgery 


Irradiation Alone 


Number| Number|Per Cent} Number} Number|Per Cent} Number} Number/Per Cent 
Treated | Living | Cured || Treated) Living | Cured || Treated | Living | Cured 

Grade | 3 3 | 100 1 | 100 | 2 
Grade 11 5 71 3. 3 | 6t if | 17 
Grade 111 6 4 67 5 | 3 43 
Grade Iv 4 I 25 | | ° 3T ° 

Total 20 | 13 | 65 | | 18 | 5 | 28 


* Five year results in different histologic varieties of cancer of the corpus uteri from all methods of treatment. 
t Indicates a patient in whom both the corpus and cervix were involved by the disease. 
f Indicates 3 patients in whom both the corpus and cervix were involved by the disease. 
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vious publication. Of the 48 patients used 
for this report, 27, or 56 per cent, are free 
of disease. The average cure rate for all 
methods of treatment is the same as was 
noted before. 

In Table v are given the results accord- 
ing to the histologic variety of tumor. The 
classification into various groups has been 
made upon data presented by Healy and 
Cutler. It can be seen that the best results 
from surgery alone were obtained in the 
more adult types of lesions. 

Only one of the patients who received an 
intrauterine application of radium followed 
by hysterectomy failed to survive five 
years. This was a case of Grade Iv car- 
cinoma involving both the corpus and cer- 
vix. Operation was performed because 
pyometra developed after the insertion of 
radium. All of the remaining g patients 
were operable, and have been cured. It 
should be noted that this excellent result 
will not be maintained as patients treated 
during the past five years are added to the 
statistics. Some of those observed more 
recently have died. While the number of 
patients who received the combined treat- 
ment is small, it is significant that all of 
the patients with Grade 1 lesions shown 
in the table have been cured. This result 
illustrates the importance of irradiation in 
the treatment of the undifferentiated 
varieties of corpus cancer. 

All of the patients treated by irradiation 
alone were inoperable because of the extent 
of the disease, or some associated constitu- 
tional disorder. Of the 18 individuals in 
this group, 28 per cent are alive and well 
five or more years after treatment. Three 
of the patients with Grade 11 lesions, and 
one with a Grade Iv tumor, were cases of 
corpus and cervix cancer. These patients 
will be considered under a separate group. 

If the cases of corpus and cervix cancer 
are separated from the total number of 
patients, there remain 14 who were treated 
by irradiation alone. These have been 
classified into technically operable and in- 
operable groups in Table vi. As was stated 
before, there were no clinically operable 
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cases treated by this method. Of the 7 
patients with technically operable disease, 
4 are five year cures. One of these had a 
Grade 1 lesion, and 3 had Grade 111 tumors. 
No patients with advanced disease have 
lived for this period of time. 


| 


TaBLe VI 
RADIATION TREATMENT OF CORPUS CANCER 
FIVE YEAR RESULTS* 
| Num- | Num- | Per 
Clinical Group | ber ber Cent 
'Treated| Living | Cured 
Technically operable | 7 4 | $7 
Inoperable 7 | 
Total 14 af 28 


* Irradiation results in technically operable and inoperable 
patients. No clinically operable patients have been treated by 
irradiation alone. 


There were § cases of corpus and cervix 
cancer. One of these was treated with 
radium followed by hysterectomy, and the 
others by irradiation alone. In Table vii 


TaB_Le VII 
CARCINOMA OF CORPUS AND CERVIX 
FIVE YEAR RESULTS* 


Num- | Num- Per 
Method of Treatment ber ber Cent 
Treated} Living | Cured 
Irradiation alone 4 I 25 
Irradiation and surgery I 
| 
Total I 2 


* Five year results among patients in whom both the corpus 
and cervix were infiltrated by the disease. 


are given the results for these patients. 
In every instance the disease was ad- 
vanced. The one patient who survived was 
irradiated, and had a Grade 11 tumor. 
Due to the small number of patients 
with corpus cancer reported here, care must 
be exercised in drawing any conclusions. 
In general, however, the findings are in 
agreement with those noted by other 
authors. The results from hysterectomy 


| 
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alone have been superior to those obtained 
in technically operable patients treated by 
irradiation. The greatest percentage of 
cures from surgery occurred in patients 
with adult lesions. Among those with 
Grades ul and Iv carcinoma, the incidence 
of five year survivals was considerably 
lower. It is interesting to note that of the 
7 patients with Grade ul tumors treated 
by irradiation, 4 were technically operable. 
Of this number 3 are alive and well. In this 
small group the result from irradiation 
has been superior to that obtained from 
hysterectomy alone. No patients with 
Grade Iv carcinoma who were treated by 
irradiation had operable lesions. 

The best results were obtained in the 
group that received an intrauterine appli- 
cation of radium before hysterectomy. At 
the present time the greatest value of these 
data is that all 5 patients with Grade u1 
carcinoma were cured. It has already been 
stated that the single example of a Grade 
iv lesion was a patient with disease involv- 
ing both the corpus and cervix, who was 
operated upon because pyometra_ de- 
veloped. 

All of the patients with carcinoma in 
the corpus and cervix had advanced lesions. 
Only one has been cured. Until a greater 
amount of data has been obtained it seems 
desirable to place these patients in an 
independent group. 

It is evident that hysterectomy alone 
is not adequate treatment for all patients 
with corpus cancer. Preoperative irradia- 
tion has contributed to an improvement in 
results. The combined method of treat- 
ment is to be advocated, whenever practi- 
cal, for all patients. It is particularly im- 
portant in those with undifferentiated 
tumors. Irradiation alone may prove to 
be the best procedure in such instances. 
This will be decided when a large number 
of clinically operable patients have been 
observed in clinics treating all cases of 
cancer of the corpus uteri by irradiation. 

It is important that the histologic 
changes of regression following irradiation 
should be studied. Two types of material 
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will be obtained. If a lethal dose has been 
delivered the specimens will show no 
tumor, unless the tissue has been removed 
before sufficient time has elapsed for com- 
plete destruction to occur. It is only in 
those instances in which a sublethal dose 
has been administered that the changes 
following radiation treatment can be ob- 
served. 

For studying the histologic alterations 
occurring in corpus carcinoma, specimens 
from patients treated during the past few 
years have been included. In each instance 
an attempt has been made to estimate the 
amount of radiation delivered to the tu- 
mor. For such a purpose it is necessary 
to consider the size and shape of the uterine 
cavity, as well as the location of the pri- 
mary lesion. These data were not complete 
in every instance. All of the patients re- 
ceived an intrauterine application of ra- 
dium by means of a straight tandem that 
usually consisted of two capsules. In some 
instances roentgen rays were used also. 
For determining the dose delivered to the 
uterus, data were taken from two other 
publications!? dealing with the distribu- 
tion of radiation throughout the average 
female pelvis. The estimation of tissue dose 
under any circumstance can be approxi- 
mate only. In the present study the error 
may be as great as $0 per cent. Neverthe- 
less such observations are important for 
obtaining data upon the response of corpus 
cancer to different amounts of radiation.* 

Six patients received more than 3,000 
mg-hr. of radium. In 4 of these no tumor 
could be demonstrated in specimens taken 
two to eight months after the intrauterine 
treatment. Active disease was found in 
every instance if the dose had been less 
than 3,000 mg-hr. Healy" has performed 
abdominal hysterectomy upon his patients 
from six to eight weeks after irradiation. 


* In this study all tissue doses have been expressed in 
terms of threshold erythemas. The use of the word erythema has 
given rise to some misunderstanding. In a recent paper by 
MacComb and Quimby (The rate of recovery of human skin 
from the effects of hard or soft roentgen rays or gamma rays. 
Radiology, 1936, 27, 196-207), they adopted threshold pigmentation 
dose, or threshold skin dose for indicating the same amount of 
radiation. 
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Very little viable cancer was found in the 
gross specimens, and in more than s0 per 
cent of the cases none could be demon- 
strated by microscopical examination. 
Beattie‘ studied curettings removed about 
eight days after radium treatment. The 
most marked changes were observed in the 
patients who received the greatest amounts 
of radiation. The tumor cells became swol- 
len, there was marked vacuolization of the 
cytoplasm, and the chromatin stained less 
deeply. No alterations were noted in the 
stroma or capillaries. The effects of a pro- 


Fic. 1. Adenoma malignum one week after treat- 
ment. Irregularities in irradiation effect in a region 
that received about 1 to 3 threshold erythema 
doses. 


tracted treatment with multiple exposures 
of roentgen rays upon epidermoid cancer 
of the cervix have been given in two pre- 
vious publications’“ In the data here 
given for corpus lesions the histologic 
changes have been due chiefly to radium. 

In general, the effect of irradiation upon 
endometrial carcinoma may be termed a 
process of glandular degeneration. This is 
characterized by a breaking up of the 
glandular structure, swelling of the tumor 
cells, pyknotic fragmentation of the nuclei, 
necrosis, leukocytic infiltration, and slough. 

The degree of radiation effect varied in 
different portions of the uterus. This is to 
be expected since there was marked varia- 
tion in the dose delivered by the tandem to 
various parts of the uterus. Tissue nearest 
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the radium would receive a much greater 
amount of radiation than cells located at a 
distance of 2 or 3 cm. away. However, an 
irregular distribution of radiation effect 
has been noted in single sections. The 
changes may range from almost no altera- 
tion to nearly complete glandular degen- 
eration. This can be seen in Figure 1. In 
this patient the uterus was removed seven 
days after 1,600 mg-hr. of radium had been 
given. The lesion was an adenoma malig- 
num Grade 11, located in the right horn of 
the uterine cavity. It was relatively small 
in size, and had probably been from 2 to 
3.cm. distant from tandem. The tumor may 
be estimated to have received from 1 to 3 
threshold erythema doses. No marked 
effect could be noted in the gross specimen. 
In the photomicrograph it can be seen that 
two areas show beginning glandular de- 
generation. In one the process is rather 
marked. Another area immediately ad- 
jacent to those mentioned shows unaffected 
tumor. The same phenomena were ob- 
served in similar studies upon epidermoid 
carcinoma of the cervix.’ Serial biopsies 
taken during a course of protracted roent- 
gen treatment showed that some tumors 
reached a certain degree of degeneration, 
and then ceased to show further alteration 
in spite of additional doses of exter- 
nal irradiation. Radio-immunization would 
seem to be a factor in explaining these 
observations. However, an alternate ex- 
planation was formulated upon the fact 
that radiation changes were irregularly 
distributed in the various small specimens 
removed for biopsy. Such variations were 
apparent within the range of a few microns. 
An explanation for the differences within 
narrow ranges was sought in the irregular 
effects upon capillaries, or irregularities in 
their distribution. No evidence was found 
for the direct support of this interpretation. 
In some relatively undifferentiated tumors 
there may be a tendency toward adult 
squamous differentiation in small foci. 
Maturation under irradiation was found to 
be most marked in those areas. It was 


thought that this might explain the focal 
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character of the changes. The areas which 
remained unaltered probably represented 
portions of the tumor which with the doses 
employed for some reason escaped altera- 
tion. That these areas were not immune to 
larger doses appeared from the fact that in 
most instances residua of the tumor after 
roentgen treatment responded in a normal 
fashion to radium. The focal character of 
radiation changes in corpus cancer were 
not so marked in lesions that received 
greater doses than the one already men- 
tioned. 

More marked alteration of the tumor 
was apparent in a uterus removed seven 
days after the application of 2,400 mg-hr. 
of radium. The lesion was an adenoma 
malignum, Grade u, that involved all of 
the endometrium. Myometrial involve- 
ment was not marked. Some portions of 
the neoplasm did not receive more than 
from 2 to 4 threshold erythema doses. 
Krom 10 to 20 threshold erythemas were 
delivered to tissue near the tandem. The 
interior of the uterus was covered with an 
infammatory exudate that in some areas 
replaced completely the endometrial lining. 
The absence of tumor cannot be considered 
as positive evidence of radiation effect. 
One must admit the possibility of the dis- 
ease having been removed by curettage 
at the time radium was applied. In sections 
removed from portions of the uterus that 
received a small dose, an inflammatory 
reaction could be demonstrated micro- 
scopically. This was most marked near the 
surface of the endometrium, in which there 
was considerable free blood and _ fibrin. 
The recent curettement must have contrib- 
uted to these changes. Carcinoma show- 
ing beginning glandular degeneration could 
be found in the deeper layers of the endo- 
metrium. There was an intense leukocytic 
infiltration which in places invaded directly 
the walls of the glands. This resulted in a 
loss of structure, and a breaking up of the 
tumor cells so that they existed singly or 
in small groups. These alterations can be 
seen in Figure 2. In all probability this 
uterus was removed before the maximum 
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degree of histological change had occurred. 

A similar lesion was irradiated with the 
same dose and removed five and a half 
weeks after the insertion of the tandem. 
The patient was given a course of roentgen 
treatment four weeks before hysterectomy. 
The distribution of various amounts of 
radiation throughout the uterus was prac- 
tically identical with that noted in the 
previous instance. It may be assumed, 
therefore, that similar changes were pro- 
duced in the two neoplasms. 

In the specimen removed five and a half 
weeks after treatment there was an abun- 


Fic. 2. Adenoma malignum one week after treat- 
ment. Leukocytic invasion of a gland, and inflam- 
matory reaction in a region that received about 2 
to 4 threshold erythema doses. 


dance of viable tumor. This may be ex- 
plained upon one of two possibilities. The 
amount of radiation delivered to the lesion 
either produced no change, or there were 
portions of the tumor not destroyed com- 
pletely because the cells received a sub- 
lethal dose from which they recovered. The 
latter sequence of events is probably cor- 
rect. That some effect was produced is 
evident from the changes seen in other 
specimens, and the scattered areas of de- 
generated tumor noted in this particular 
uterus. Individual cells were swollen, the 
cytoplasm was opaque, and there was 
fragmentation of the nuclei. For the most 
part the glandular structure was main- 
tained, except that in the more degenerated 
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Kic. 3. Adenoma malignum five and a half weeks 
after treatment. Residua of degenerated tumor 
surrounded by fully viable cancer. The affected 
region probably received more than 5 threshold 
erythema doses. 


portions were formed conglomerate masses 
of hyalinized tumor cells. Lymphocytic 
infiltration was fairly intense, and scattered 
foreign body giant cells could be found. In 
certain areas there was some irregularity 
in the size and shape of stromal cells. While 
the degenerative changes were focal in 
character, they were not confined to single 
glands. These phenomena can be seen in 
Figure 3. 

Adjacent to foci of degenerated tumor 
were areas of viable cancer. In some in- 
stances these cells formed large masses. 
There was a tendency toward this forma- 
tion in the original specimen taken before 
treatment. The presence of apparently un- 
affected tumor may be attributed to the 
fact that a considerable portion of the 
tumor recovered from the damage that had 
been produced by the treatment. In the 
absence of serial biopsies there is no posi- 
tive proof of this interpretation. In studies 
upon epidermoid cancer of the cervix, 
marked changes followed the administra- 
tion of external irradiation. In some in- 
stances the primary lesion was healed, and 
biopsies free of tumor were obtained. How- 
ever, the doses that had been delivered 
were sublethal. In spite of the evidence of 
a clinical cure, positive biopsies could be 
obtained within two weeks after the com- 
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pletion of roentgen treatment unless ra- 
dium had been applied. 

In each of the 3 cases of cancer of the cor- 
pus uteri that have been considered, some 
portions of the tumor received less than 4 
threshold erythema doses. The disease was 
not destroyed completely in any of the pa- 
tients. Complete regression has occurred 
in adult lesions if the minimum amount of 
radiation distributed throughout the neo- 
plasm was greater. In a patient who was 
given 3,600 mg-hr. of radium, it has been 
estimated that all of the tumor received at 
least 4 to 8 threshold erythema doses. Four 
months after treatment the uterus was 
curetted. A small amount of tissue was 
obtained which consisted chiefly of a rather 
coarse endometrial stroma. In some areas 
the structure resembled connective tissue. 
There was moderate lymphocytic infiltra- 
tion, and in widely separated areas could be 
found an occasional gland. These were of a 
simple structure, and usually lined with a 
single layer of degenerated cells. No cancer 
was found. These changes can be seen in 
Figure 4. Hysterectomy was not performed 
and the patient has remained free of dis- 
ease for four years. 

Similar results were noted in another 
instance. The patient was given 4,000 mg- 
hr. of radium, which was followed by two 


Fic. 4. Curettings removed from an adenoma malig- 
num four months after treatment. All of the dis- 
ease received at least 4 to 8 threshold erythema 
doses. Specimen contained no tumor. There were 
a few isolated glands. 
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courses of roentgen treatment. The mini- 
mum amount of radiation delivered to any 
portion of the tumor within the uterus was 
probably between 5 and 10 threshold eryth- 
ema doses. Hysterectomy was performed 
eight months after the insertion of the tan- 
dem. The uterine cavity was lined with a 
layer of hyalinized tissue about 3 or 4 mm. 
thick. In the deeper portions were remnants 
of completely degenerated and unidentifi- 
able cells. Between the hyalinized layer and 
the underlying myometrium, along a fairly 
well distinguished line of demarcation, 
were occasional thin-walled blood vessels. 
These appeared to have developed after 
necrosis had occurred, and probably repre- 
sented an attempt toward healing. The 
muscle cells also showed evidence of hya- 
line changes for a depth of several milli- 
meters. No viable carcinoma was found in 
the uterus. In one region only were there 
any remnants of endometrial glands. These 
could not be identified positively as having 
been tumor. In some instances all epithe- 
lial elements were missing, and only fibrous 
tissue interspaces remained. In other foci 
could be seen the residua of glandular 
structures. The epithelial cells were swol- 
len, and the nuclei were fragmented. There 
was a tendency for some cells to be more 
acidophilic. Hyaline degeneration was 


Fic. 5. Adenoma malignum eight months after treat- 
ment. All of the disease in the uterus received at 
least 5 to 10 threshold erythema doses. No viable 
tumor. Only in the region shown were there any 
remnants of glandular structures. 
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Kic. 6. Ovarian metastasis from the tumor shown in 
Figure 5. Evidence of radiation effect indicates 
that the extension had taken place before treat- 
ment was given. 


marked, and small conglomerate masses 
were formed in which cell borders and 
separate nuclei could not be identified. 
These changes can be seen in Figure ¢. 

In one of the ovaries removed with the 
uterus was found a deposit of active car- 
cinoma. This is shown in Figure 6. Some 
radiation effect can be noted, which indi- 
cates that the extension had taken place 
before treatment. Throughout the uterus 
was delivered a lethal amount of radiation, 
but the dose reaching the metastasis was 
sublethal. In such an instance the disease 
in the ovary would have continued to 
grow, and the patient would not have been 
cured if hysterectomy had been omitted. 
The operation was performed one year ago. 
There has been no evidence of recurrence 
up to the present time. 

The undifferentiated varieties of corpus 
cancer have shown more marked histologic 
changes than the adult forms. A patient 
with adenocarcinoma, Grade I11, was given 
2,000 mg-hr. of radium. The uterus was 
removed four weeks later. There was ex- 
tensive myometrial involvement. The dose 
delivered to some areas of tumor buried in 
the uterine musculature may be estimated 
to have been from 1 to 3 threshold eryth- 
emas. In these regions the alterations in 
the tumor were greater than had been 
noted for similar doses given to adult 
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Fic. 7. Adenocarcinoma four weeks after treatment. 
Marked degeneration of the tumor in a region that 
received about 1 to 3 threshold erythema doses. 

lesions. Furthermore, the degree of regres- 
sive phenomena observed in individual 
cells was found to be more marked than 
had occurred from larger doses in well- 
differentiated tumors. In Figure 7 can be 
seen the marked tendency toward swelling 
of the cells, vacuolization of the cytoplasm, 
fragmentation of the nuclei, and hyaline 
degeneration of the tumor. These changes 
were produced by an amount of radiation 
that was probably not greater than 3 thresh- 
old erythema doses. The patient was not 
cured and died of recurrence two years 
after treatment. 

A patient with an anaplastic, Grade tv, 
carcinoma was given the same dose of 
radium. The uterus was curetted two and a 
half months after treatment. The tissue 
removed by this method was obtained from 
the lining of the cavity. Superficial portions 
of the tumor had received a greater dose 
than areas that may have been located in 
the myometrium. In all probability the 
curettings were from regions that had been 
given more than 5 threshold erythema 
doses. No viable cancer could be found in 
the specimen. For the most part the ma- 
terial consisted of hyalinized inflammatory 
tissue. In a few foci could be found small 
groups of degenerated tumor cells. A photo- 
micrograph of specimens removed before 
and after treatment is shown in Figure 8. 
That a lethal dose was not delivered 
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throughout the lesion was shown by the 
fact that at a later date the patient devel- 
oped clinical evidence of active disease. 

These data are insufficient for deter- 
mining the lethal dose for cancer of the 
corpus uteri. In each instance there has 
been considerable error in calculating the 
amount of radiation delivered to the 
tumor. However, if the estimations of tis- 
sue dose are within So per cent of the true 
values, they do contribute important in- 
formation upon the effect of radiation in the 
treatment of this disease. There is evidence 
that corpus cancer will not be destroyed 
completely unless all the tumor receives at 
least 5 to 10 threshold erythema doses. In 
all probability the lethal dose for the aver- 
age case will be nearer the greater amount 
of radiation. Adult lesions may be expected 
to require larger doses than the undiffer- 
entiated varieties. It is believed by many 
that glandular cancers are more radiore- 
sistant than some epidermoid tumors. The 
lethal dose for carcinoma of the cervix is 
probably between 6 to 8 threshold eryth- 
emas, if delivered within a period of two 
to four weeks." In treating corpus cancer 
by irradiation, the attempt should be made 
to deliver about 10 threshold erythemas to 
as much of the tumor as is practical. 

The volume of tissue that will receive a 
lethal dose from an intrauterine tandem 
is not great. This has been shown histolog- 


Fic. 8. Curetting from an anaplastic diffuse adeno- 
carcinoma, Grade tv, before treatment and two 
and a half months after the application of at least 
5 threshold erythema doses. 
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ically by the irregularities in radiation 
effect noted in various portions of the same 
uterus. In every instance the destroyed 
tumor has been within a radius of from 2.0 
to 4.0 cm. from the radium. The attempt 
to treat adequately more distant tumor- 
bearing regions by increasing the dose from 
the tandem will result in a greater amount 
of local necrosis. The degree of unnecessary 
damage can be reduced if several capsules 
are placed in various parts of the uterine 
cavity. By this means a large dose will 
not be required for any particular source. 
Furthermore, any method that will dis- 
tribute the radium more widely throughout 
the cavity will improve the distribution of 
radiation. Hurdon and Chambers,'® Held," 
Schmitz,*?*** and others, have published 
diagrams showing the probable zone of 
effect from several different methods for 
inserting radium into the uterus. Dietel® 
has devised an intrauterine applicator by 
means of which capsules within the cavity 
can be arranged in a triangle, or in a so- 
called “‘bouquet.’’ Heyman" fills the uterine 
cavity with containers of various sizes that 
hold sources of radiation. In every instance 
the active length of the application should 
extend from the external os of the cervix 
to the top of the fundus. 

For any method a given dose can be 
delivered to a greater volume of tissue if 
external irradiation is employed also. The 
importance of combining the two has been 
shown in previous publications dealing 
with the treatment of cervical cancer. In 
irradiating the latter type of lesion it has 
been found advantageous to begin the 
treatment with roentgen rays. Such a pro- 
cedure would seem to be equally applicable 
to corpus cases. Among patients with bulky 
tumors distorting the cavity so greatly 
that a suitable application of radium can- 
not be made, a preliminary course of roent- 
gen therapy will facilitate the intrauterine 
treatment by reducing the size of the le- 
sion. Furthermore, the danger of radium 
capsules forcing viable cancer cells through 
the lumina of the tubes should be reduced. 

Greater amounts of external irradiation 
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can be given if a divided dose technique 
is employed. Data are being obtained upon 
the histologic changes produced by roentgen 
rays. Alterations have been noted after the 
administration of from 1 to 2 threshold 
erythema doses. In some instances greater 
amounts of radiation have produced al- 
most complete degeneration of the tumor. 
The most marked effects have occurred in 
poorly differentiated lesions. It has not 
been unusual for a patient to be relieved 
completely of uterine bleeding before the 
insertion of radium. 

Krom the data that have been presented 
certain recommendations can be made for 
the treatment of corpus cancer. In patients 
who are not to be operated upon a course 
of external irradiation, administered by 
means of a divided dose technique, should 
precede the insertion of radium. From 4 
to 6 pelvic fields have been employed. For 
delivering 2 to 3 threshold erythema doses 
to the lesion it is necessary that each area 
receive about 1,500 roentgens (in air). 
Patients with very advanced disease, or 
those in whom there is a marked degree of 
infection or pelvic inflammation, may not 
be suited to this treatment. 

In every instance the active length of the 
intrauterine application of radium should 
extend from the external os to the top of 
the fundus. Methods should be employed 
that will distribute the radium as widely 
as possible throughout the cavity. For the 
average uterus from 3,500 to 4,000 mg-hr. 
will be required. However, each patient 
must be individualized, and the dose de- 
termined from the size and shape of the 
uterus and its cavity, as well as the extent 
of the disease and the method of applica- 
tion. 

If hysterectomy is to be performed, pre- 
operative irradiation should be adminis- 
tered in every instance. It seems desirable 
to limit the roentgen treatment to single 
exposures to each pelvic field. Following 
roentgen irradiation an intrauterine appli- 
cation of radium should be made. It is 
particularly important that this be done in 
patients with undifferentiated tumors, so 
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that a large dose will be delivered to the 
lesion. If sufficient radiation effect is pro- 
duced there will be less danger of spilling 
viable tumor cells in the peritoneal cavity 
during the operation. For a number of 
vears Healy"? has employed both ra- 
dium and roentgen rays in many patients 
before the uterus was removed six to eight 
weeks later. In some instances it may be 
necessary to delay the operation for this 
period of time. Additional data may indi- 
cate the rate at which the tumor recovers 
from a sublethal dose. If there is a possi- 
bility that some portions of the disease 
have not been irradiated adequately, hys- 
terectomy should be performed, whenever 
practical, before recovery has taken place. 


SUMMARY AND CONCLUSIONS 


Not all of the patients with cancer of 
the corpus uteri who have operable lesions 
can be treated by hysterectomy, because 
the disease tends to occur in elderly women. 
Age alone may not contraindicate a surgi- 
cal procedure, but there are frequently 
associated conditions that increase the 
risk considerably. Furthermore, there is 
evidence that hysterectomy alone is in- 
adequate treatment for patients with 
poorly differentiated lesions. The influence 
of the histologic type upon the prognosis, 
and the large number of patients not suited 
to surgery due to their physical condition, 
has led to a greater use of radiation in the 
treatment of this disease. Some authors 
have advocated radium and roentgen rays 
for all patients. 

For evaluating surgery and irradiation, 
results from the two methods should be 
compared upon a large series of operable 
patients. In collecting statistics for a group 
of sufficient size, it is impossible to obtain 
a uniform type of material. This is due to 
the fact that many authors do not separate 
the operable cases not suited to surgery. 
The clinical classification employed by 
Heyman provides a practical grouping for 
such a study. It is important that other 
authors adopt a similar method. 

If the physical condition of the patients 
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and the histologic varieties of the tumor 
are disregarded, there is fairly close agree- 
ment as to the average five year cure rate 
for collected statistics. The values given 
for a similar study made for this report are 
practically identical with those noted by 
other authors. In each instance the results 
from hysterectomy alone have been slightly 
better than for irradiation alone. The 
greatest percentage of cures has been ob- 
tained when the two methods were com- 
bined. Preoperative irradiation is of greater 
value than treatment administered after 
the uterus has been removed. These find- 
ings were also true for the small series of 
cases reported by the author. 

The histologic changes occurring after 
irradiation have been studied. These data 
are insufficient for determining the lethal 
dose for cancer of the corpus uteri. How- 
ever, there is evidence that in most in- 
stances the disease will not be destroyed 
unless all the tumor receives at least § to 
10 threshold erythema doses. 

The volume of tissue that will receive a 
lethal dose from an intrauterine tandem is 
not great. This has been shown by the 
irregularities in radiation eftect noted in 
various portions of the same uterus. Any 
method that will distribute the radium 
more widely throughout the cavity will 
improve the distribution of radiation. In 
every instance the active length of the 
application should extend from the exter- 
nal os to the top of the fundus. For any 
method a given dose will be delivered to a 
greater volume of tissue if external irradia- 
tion is employed also. 

It is recommended that a course of 
roentgen treatment precede the intrauter- 
ine application of radium. By this means 
the danger of forcing viable cancer cells 
through the lumina of the tubes will be 
reduced. Furthermore, the insertion of 


radium will be facilitated by regression in 
the size of the tumor. For patients to be 
treated by irradiation alone a divided dose 
technique should be used for administering 
roentgen rays. 

If hysterectomy is to be performed, pre- 


operative irradiation should be given in 
every instance. It seems desirable to limit 
the roentgen treatment to single exposures 
to each pelvic field. Following roentgen 
irradiation an intrauterine application of 
radium should be made. It is particularly 
important that this be done in patients 
with poorly differentiated tumors, so that a 
large dose will be delivered to the lesion. 
If sufficient radiation effect is produced, 
there will be less danger of spilling viable 
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tumor cells into the peritoneal cavity dur- 
ing the operation.* 
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THE CALCULATION OF DOSAGE IN THE RADIUM 
TREATMENT OF CARCINOMA OF THE CERVIX* 


By CHARLES DeFOREST LUCAS, M.D. 
The Charlotte Tumor Clinic 
CHARLOTTE, NORTH CAROLINA 


N THE large cancer clinics of the world 

different techniques are employed in the 
radiation treatment of cancer of the uterine 
cervix. While the methods used are similar 
and the results obtained vary only a few 
per cent, we feel that there are enough 
variable factors in the various techniques 
to warrant an investigation of the distri- 
bution of radiation in each. 

The purpose of this paper is the compu- 
tation of the effective dosage of radiation 
delivered into the tissues surrounding the 
cervix of the uterus when it is treated for 
carcinoma by several accepted methods 
wherein radon or the radium salt is em- 
ployed as the source of radiant energy. 

Note that the term “effective dosage” as 
used in this paper is only an attempt to 
compare the limitation of effective radia- 
tion of the different methods and is not an 
attempt at plotting all of the isodose curves 
in each method. This would require vol- 
uminous mathematical computations for 
multiple points in three dimensions and its 
complicity would only confuse the reader 
and defeat the purpose of this paper. 

We realize the hazards of attempting to 
standardize a technique, yet in order to 
construct isodose curves for a_ given 
method, it is necessary to be specific and 
choose some one set-up which is character- 
istic of several variations which may be 
employed by the protagonists of a given 
school. 

Each patient must be treated individu- 
ally and no rule of thumb can be applied 
to any case. However, all therapists have 
certain forms of treatment applicable to 
the many, while each individual may de- 
mand a variant thereof. For example, a 
colpostat cannot be applied to a carcinoma 
of the cervix which fills the vagina, a vir- 


ginal vagina will not admit the bomb, and 
an intrauterine tandem cannot be inserted 
unless the external cervical os can be 
found. 

We have chosen four methods that are 
widely used here and abroad: 

(1) The insertion into the cervix of 
small needles containing the radium salt, 
gold radon seeds, or removable platinum 
radon implants, and a single intracervical 
capsule. 

(2) That employed at the Radium In- 
stitute of Paris by Regaud and Lacassagne. 

(3) The massive dose method of Dr. 
Wm. P. Healy of the Memorial Hospital, 
New York City. 

(4) The method employed by Dr. James 
Heyman of the Radiumhemmet, Stock- 
holm. 

The size of the uterus on which the iso- 
dose curves are plotted is slightly larger 
than the average dimensions given in the 
standard texts on anatomy and gynecol- 
ogy, but is probably smaller than the 
average uterus whose cervix is afflicted 
with carcinoma which is frequently lacer- 
ated, infected, boggy, and hence enlarged. 
The dimensions of the uterus on which the 
isodose curves are constructed are: length 
8 cm., width 5.5 cm. at the insertion of the 
oviducts, and thickness 3.5 cm. The cervix 
is considered as being 3.5 cm. in diameter. 
This latter dimension is of importance in 
determining the limitation of dosage as 
will be shown later in the discussion. 

The isodose curves are constructed in 
two planes, median coronal, and horizontal 
through the widest portion of the coronal 
plane curves. The median coronal curves 
are of greater importance since the route 
of metastasis is lateral and much of the 
radium containing apparatus is designed 


* Read at the Twenty-first Annual Meeting, American Radium Society, Kansas City, Mo., May 11-12, 1936. 
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with the view to delivering as much radia- 
tion as possible into the broad ligaments 
and the lymphatic drainage area. The hori- 
zontal curves show the amount of radiation 
delivered to the bladder and rectum and 
indicate the importance of protecting these 
sensitive organs as much as possible by 


packing them away from the source of 


radiation. The distance between the blad- 
der mucosa and the source of radiation may 
also be increased by keeping the bladder 
empty by the use of an indwelling catheter 
while the radium is in place, and the rectum 
may be further protected by emptying it 
before the radium is inserted and by em- 
ploying frequent enemas during the radia- 
tion treatment. 

Frequently the primary lesion consists 
of a large cauliflower-like, pedunculated 
growth filling the vault and often the entire 
vagina. Obviously few of the standard 
vaginal applicators can be used to treat 
such a lesion. Heyman has designed for 
this type of tumor a truncated cone tri- 
sected axially into three equal parts which 
can be inserted between tumor and vagina. 
However with improved roentgen tech- 
nique employing machines of 200 kv. with 
a volume output of 20 ma. or more, greater 
distance and more filtration are practical 
so that an accurately directed beam may be 
delivered to the cervical carcinoma and 
drainage area through four or six portals. 
When an ample therapeutic dose is de- 
livered to such bulky vaginal tumors or in 
fact to any cervical carcinoma, many of 
them will disappear clinically in six weeks 
leaving a vault capable of receiving radium 
containers and a patent and easily found 
cervical os ready to receive an intra- 
uterine applicator. Especially is this true 
where the extensiveness of involvement is 
limited to Grade 1 or I. 


VARIABLE FACTORS 


On comparing the delivered dosage of 
the various methods there are a number of 
variable factors that need to be considered. 
The principal ones are listed in the order 
of their importance: 


Charles DeForest Lucas 


OcToBER, 1936 


(1) Dosage. 

(2) The distribution of applicators. 

(3) The time factor. 

(4) The filtration. 

(5) The size and shape of the appli- 


cators. 

(6) The type of radiant element. 

(7) The shape of the radiant element. 

(1) Dosage is the chief factor in deter- 
mining the extent of effective radiation into 
the tissues. The dosage employed today in 
all the large clinics was determined over a 
long period of time strictly by empiricism 
and conforms very closely to methods cal- 
culated from known physical and biological 
laws (which also were developed chiefly by 
trial and error). For instance, when a cervix 
3-5 cm. in diameter receives a dose of 3,500 
immediate mg-hr. with a filtration equiva- 
lent to 0.3 mm. gold, 15 threshold skin 
erythema doses (T.s.£.D.) will be delivered 
to the surface of a sphere 3 cm. in diameter, 
leaving enough cervical tissue to prevent a 
fistula into the bladder, rectum, or celomic 
cavity, which is the ideal dose if we con- 
sider 15 immediate threshold skin eryth- 
ema doses as a lethal tissue dose. This 
dose has been taken by the author as a 
tissue lethal dose under full recognition of 
the fact that it varies considerably with 
individual susceptibility, and the term 
“immediate” is prefixed to show that in the 
treatments involving a longer time period 
than twenty-four hours the tissue recuper- 
ation factor must be considered. If the cer- 
vix is smaller and this dose is given, a recto- 
vaginal or vesicovaginal fistula or a radia- 
tion celostomy and peritonitis may result. 

In an anterior flexed uterus the radium 
in the vagina and that in the fundus of the 
uterus may cross-fire on the bladder and 
deliver an excessive dose to it. In a retro- 
flexed uterus the rectum similarly may re- 
ceive enough radiation to cause ulceration. 
When such conditions exist the location of 
the radium should be shifted and the 
amount in the fundus reduced. Most often 
this can be remedied by using a single cap- 
sule instead of a tandem or a string of three 
capsules. The dosage for the various meth- 
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ods of application will be taken up under 
the description of methods. 

(2) The distribution of applicators 
chiefly determines the shape of the isodose 
curves and is the most variable factor in the 
comparison of the various methods when 
the dosage remains the same. Since the 
vagina and uterus may be considered as a 
tube which is of a fairly constant dimension 
from the cervix upward and of only slightly 
more variable dimensions from the cervix 
downward, the choice of applicators is 
limited. Those designed for lateral expan- 
sion of the vaginal vault in an attempt to 
bring the radium nearer the parametria are 
desirable when applicable. Those which 
only increase the amount of radiation to 
the cervix are only adding more radiation 
to an over-irradiated area so that the intra- 
cervical dosage may be increased with sim- 
ilar results. 

3) The time factor with its resultant 
tissue recuperation factor, in my opinion, 
has not been satisfactorily worked out for 
interstitial irradiation and all types of ra- 
dium applications to the cervix must be 
considered as interstitial in character. Since 
both cancer cells and normal tissue cells 
vary in radiosensitivity according to in- 
dividual susceptibility, location in body, 
age of patient, type of normal tissue, and 
the histogenesis of the cancer cells, it is 
very difficult to compare the rate of cellular 
recuperation. However, since the percent- 
age of five year clinical cures at Memorial 
Hospital is about the same as at the 
Radiumhemmet it would seem that the 
biological effect of the dosage given by 
Healy over a period of a few days is com- 
parable to that given by Heyman over a 
period of a month. In this case when ad- 
justments are made for variation in filtra- 
tion the average dose at the Radiumhem- 
met is only 1,000 mg-hr. more, and since 
the results are comparable and since each 
represents about the limitation of thera- 
peutic irradiation, we may consider the 
tissue to have recuperated about 20 per 
cent in this period of time. 

We feel definitely that where divided 
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doses are given, the rate of recuperation of 
the tissues varies inversely as the size of 
the dose. 

(4) The filtration employed varies from 
the 0.3 mm. of gold used in the gold radon 
seeds to 1.5 mm. of platinum used by the 
Radium Institute of Paris. The amount of 
beta radiation in any of the filters em- 
ploved is negligible. Since the dosage chart 


TABLE | 


SHOWING THE PERCENTAGE OF RADIATION DELIVERED 
THROUGH VARIOUS FILTERS WHEN COMPARED 
WITH 0.3 MM. OF GOLD WHICH IS THE MINI- 
MUM FILTRATION EMPLOYED IN THESE 
METHODS AND WHICH IS THE FILTRA- 

TION USED IN CONSTRUCTING THE 
INTERSTITIAL DOSAGE CHART 


100% 


0.3mm. Au 

2.0mm. brass 90% 
1.0mm. Pt 78% 
3.0mm. Pb 75% 
1.§mm. Pt 74% 


employed in determining the radiation de- 
livered is calibrated in threshold skin eryth- 
ema dose units, and is for interstitial ir- 
radiation whose filtration is 0.3 mm. of 
gold, in constructing the isodose curves it 
is necessary to correct for any added filtra- 
tion. This may be found in Table 1 which 
was made from the work done by Quimby 
and others. 

(5) The size and shape of the applicators 
used in the cervical canal and uterine cav- 
ity are limited. When the radium salt or 
emanation is covered with a filter sufficient 
to absorb the alpha and beta rays and en- 
closed in a rubber tube or aluminum cap- 
sule to cut down the secondary radiation, 
little room is left for modification of the 
shape of the applicator. This is not true in 
the vaginal applicators which have been 
designed in many shapes in an attempt to 
deliver more radiation into the parametria. 
The bomb and the colpostat are widely 
used examples. In these applicators the dis- 
tance between the source of radiant energy 
and the tissue is increased by the thickness 
of the container which protects the tissue 
adjacent to the applicator and decreases 
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the amount of tissue necrosis. The reason 
for this is based on the principle of the in- 
verse square law and is too well known to 
warrant discussion. 

(6) The type of radiant element is more 
of a biological variant than physical since 
it has to do with time and tissue recupera- 
tion so we will not consider it here. Where 
a large amount of the emanation is avail- 
able, certainly there is little difference in 
biological effect between it and a compa- 
rable amount of radium salt. However, if 
as small amount of the emanation as 50 
millicuries is used in the cervical canal the 
dosage will have to be increased to that 
point nearly equivalent to permanent im- 
plantation for a similar biological effect. 

(7) The shape of the radiant element is 
of importance since, regardless of its dis- 
tribution, its radiation has to be figured 
from a point source. Plaques, needles, and 
tubes, and special applicators are all cal- 
culated as multiple points in a line, plane 
or planes. Most of the applicators are made 
up of tubes in which the radiant element 
occupies a cylindrical cavity about 1§mm.in 
length. 

DISCUSSION OF METHODS 

In plotting isodose curves for the various 

techniques of treatment, only two curve 
alues have been assigned except when the 
radium is limited to the cervix, in which 
case values have been assigned at I cm. 
intervals. These curve values are for the 
IO T.S.E.D. and § T.s.E.D. However, any 
value for the isodose curves may be found. 
We have chosen the § T.s.£.p. and the Io 
T.S.E.D. curves because we feel the limita- 
tion of effective radiation derived lies 
somewhere between these two. A tumor 
whose radiosensitivity is such that it re- 
quires more than 10 T.s.£.D. for destruction 
approaches the radiation death of normal 
tissue and if irradiated much beyond this 
point will produce necrosis, while the most 
radiosensitive tumor in the cervix will 
probably not be destroyed unless as much 
as § T.S.E.D. is delivered to it. In other 
words, our hope for therapeutic efficacy lies 
between § and I0 T.S.E.D. 
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The Intracervical Application of Radium. 
In the implantation of radium into the cer- 
vix one of four types of apparatus is most 
commonly employed. These are: gold ra- 
don seeds, needles of various strength, 
length and filtration, a single capsule 
placed within the cervical canal, and the 
removable radon implants. 

In the implantation of seeds or needles 
within the cervix, it should be borne in 
mind that when they are confined to within 
the inner half of the radius of a sphere the 
intensity of radiation at any points upon 
the surface of the sphere will be equal. In 
the various techniques described below 
none of the radium bearing tubes have a 
concavity greater than 20 mm. in length 
and most are of 15 mm. in length. For the 
isodose curves which we are considering 
either length may be taken as a point 
source since the isodose curves for a 15 mm. 
radium tube become concentric at about 
7 mm. from the center of the tube and the 
20 mm. tube at about 20 mm. It is our.ob- 
servation from measuring the _ isodose 
curves on a number of different length 
needles that the longitudinal isodose curves 
are approximately concentric at a distance 
from the center of the tube equivalent to 
or less than the total length of the tube. 
In the calculations made below, each tube 
may thereby be taken as a point source 
since we are constructing therapeutic iso- 
dose curves that lie farther from the tubes 
than that distance at which the isodose 
curves for the specific tube becomes con- 
centric. 

These calculations on the 15 and 20 mm. 
tubes, using them as point sources, are 
open to some criticism as to their exact- 
ness, as are methods employed by physi- 
cists in constructing the isodose curves on 
such length needles. The mathematical cal- 
culations do not successfully cope with the 
multiple points and the increased filtration 
of the tangential gamma rays through the 
radium element and through the filter 
while the ionization method demands ion- 
ization chambers too small for accuracy. 

However, with the above approximate 
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accuracies, in Figure 1 it will be found that 
3,500 immediate milligram- or millicurie- 
hours will deliver through 0.3 mm. of gold 
10 threshold skin erythema doses to the 
entire cervix. The isodose curves have their 
values assigned in threshold skin erythema 
doses instead of the usual percentage radi- 
ation delivered. These values were plotted 
from Figure 2. The 5 1.s.£.D. isodose curves 
in any plane will lie on the surface of a 
sphere 6 cm. in diameter. 

Figure 2 represents I T.S.E.D. dose 
plotted against dosage and distance and 
was constructed from the standard intersti- 
tial dosage charts worked out by Quimby, 
Martin, Dean, and others. It is constructed 
for point source radon for a decay period 
of only twenty-four hours and for a filtra- 
tion of 0.3 mm. of gold and corrected for 
back-scattering. Data obtained from this 
graph are used in constructing the isodose 
curves in the various methods of radium 
applications. 

The Method of the Radium Institute of 
Paris. The colpostat which is used ex- 
tensively in this institution consists of a 
thin steel band 1X10 cm., to each end of 
which is attached a cork capsule 2.5 cm. 
long and 1.5 cm. in diameter which con- 
tains a tube of radium salt. This tube has a 
cylindrical cavity 0.615 mm. which con- 
tains the radium. The filtration is usually 
1. mm. of platinum in the vaginal appli- 
cators. These tubes are covered with 2 
mm. of aluminum which eliminates most 
of the secondary radiation. The flexible 
metal band of the colpostat separates the 
capsules with sufficient force to laterally 
expand the fornices and brings the radium 
nearer the parametria. Placed over the 
cervix and not attached to the colpostat is 
one or more similar cork capsules contain- 
ing a radium bearing tube. 

The intrauterine applicator usually con- 
sists of three radium bearing tubes similar 
to those described above except that the 
filtration is 1 mm. of platinum. These tubes 
are enclosed in a rubber catheter whose 
wall thickness is 2 mm. 

Figure 3 shows a frequently used ar- 
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rangement of the radium applicators with 
the strength of each tube. The drawing is 
made to scale and the isodose curves are 
plotted from it. The calculations assume 
all applicators to be within the mid-uterine 
coronal plane and the centers of the cork 
capsules of the colpostat to be 5 cm. apart, 
which we believe to be a fair average dis- 
tance. The division of the radium into the 


T.S.E.D. 


Fic. 1. This drawing shows isodose curves on an 
average size uterus for a single capsule placed 
within the cervix or for a haphazard distribution of 
small needles or radon implants placed within the 
inner half of the radius of a 3 cm. sphere. The 
filter is 0.3 mm. of gold. Note that only a shell of 
tissue is present outside the tissue lethal dose 
curve which is here estimated to be 15 threshold 
skin erythema doses. 


amounts shown in Figure 3 is mainly for 
the purpose of calibrating the dosage which 
at this institution is read in millicuries- 
destroyed. One millicurie-destroyed (mc-d.) 
is equal to 133 mg-hr. so that the 13.3 mg. 
tubes give 1/10 mc-d. every hour and the 
6.6 mg. tubes 1/20 me-d. every hour. This 
method facilitates dosage computation. In 
Figure 3 there would be 0.5 mce-d. per hour. 
No attempt is made here to describe the 
technique of preparation and application 
which may easily be obtained elsewhere. 


— 
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-3 MM. AU. FILTER, 
BACKSCATTER. 


wo ONE THRESHOLD SKIN ERYTHEMA DOSE PLOTTED AGAINST 
DOSAGE AND DISTANCE, RADON ELEMENT, 
24 HRS. TIME, CORRECTED FOR 


POINT SOURCE, 


TISSUE DISTANCE IN CENTIMETERS 


500 1000 


MILLIGRAM OR MILLICURIE HOURS 


1500 2000 


Fic. 2. 


STRING OF THREE 
CAPSULES 


ic. 3. Showing colpostat and string of three 
capsules in place with one applicator over the 
cervix. 


Graph used in plotting dosage. 


Suffice it to say that at the expiration of 
each twenty-four hours the apparatus is 
removed, thoroughly cleansed, sterilized, 
dipped in melted paraffin, and reinserted. 
If this process requires four hours then 10 
me-d. per day is given. The usual dose is 
between 50 and 60 mc-d. so that the treat- 
ment may be confined within a week. In 
terms of milligram-hours this would be 
between 5,600 and 8,000. The isodose 
curves in Figures 4 and § are based on a 60 
me-d. dosage. The filtration is corrected 
from Table 1 to compare with Figure 1. 
No attempt is made to correct for the time 
factor with the resultant tissue recupera- 
tion factor, nor for the slight increase of 
the threshold skin erythema dose due to 
the shortening of the wave length when 
the filtration is increased. 

Method of Calculating Isodose Curves. 
The isodose curves were plotted in the 
following manner: In Figure 6 the vertical 
plane points 4, C, B, F, E, and D represent 


| 
| 
| 
| 6.6 
| 13.3 
13.3 MG. 
VAGINA 


Kic. 4. Median coronal isodose curves. 


the position of the radium bearing tubes 
and all lie in the same plane. The line 7B 
is perpendicular to the line CD. The right 
angle DCA is equally trisected, making the 
angle PCD equal to 30 degrees. Then from 
point C the points 4 and B are 2.5 cm. and 
the points F, FE, and D are 2, 4, and 6 cm. 
respectively. Then by taking point P at 
any known distance from C on line PC we 
have two known sides and their included 
angle of all the triangles involved and can 
find the unknown remaining side such as 
AP in the triangle PCA by the trigo- 
nometric function (4P) =(CP)+(AC) 
2(CP)(AC) Xcosine angle ACP. With all 
the distances from the radiating points to 
point P determined, and the dosage de- 
livered by each known, we may by refer- 


ring to Figure 2 determine the quantity of 


radiation reaching point P and assign the 
value in threshold skin erythema doses. 
The sum of all the radiation points repre- 
sents the total value. Similarly, the value 
of any point in lines CR, CS, and CT may 
be determined. The value of any point in 
the lines CD, ACB, and CW can easily be 
found, as the distances are either known or 
can be determined by finding the hypote- 
nuse of a right-angled triangle where the 
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two sides are known. When the 5 and 10 


T.S.E.D. points are located on each of the 


twelve lines radiating from point C the 


BLADDER 


5. Horizontal isodose curves. 


isodose curves are formed by 
these lines. 

The horizontal isodose curves are found 
in a similar manner. The line DC which 
represents the uterine canal is perpendicu- 
lar to the plane BP’C and any point P’ can 
be found by solving the hypotenuse of a 
right-angled triangle where the two sides 
are known or by finding the unknown side 


connecting 


HORIZONTAL PLANE 


VERTICAL PLANE 


Ww 


Kic. 6. Illustrating method of plotting isodose curves. 
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of a triangle having given two sides and 
the included angle. 

The § and 10 T.s.£.D. curves for the ver- 
tical plane and for the horizontal plane 
through the greatest horizontal diameter 
of the vertical plane are shown in Figures 
4 and § respectively with the dimensions 
of each. 

The Method of Treatment at the Memorial 
Hospita’, New York. For a number of years 


kic. 7. Showing radium containers in place in the 
routine method of treatment. 


Healy has employed a relatively large dose 
of radiation in a short period of time. He 
confines the intravaginal application within 
a period of twenty-four hours, which is in 
a few days followed by a vaginal applica- 
tion which is also given over a similarly 
small period of time. 

The intrauterine applicator consists of 
emanation confined in a small glass tube 
1§ mm. in length and surrounded with 
enough filtration to be equivalent to 2 mm. 
of brass. Two such capsules are employed 
and are placed within the uterus in what 
is termed a tandem. The lower capsule con- 
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tains twice the amount of radium that the 
upper capsule contains. The lower capsule 
lies within the cervical canal; the upper 
capsule just within the internal os. The 
total dosage for the intrauterine applicator 
is 3,000 mc-hr., 1,000 mc-hr. in the uterine 
canal and 2,000 mc-hr. in the cervical 
canal. 

The vaginal applicator is called a 
“bomb” and consists of brass-covered lead 
in the shape of a hemisphere with a rec- 
tangular cavity I cm. in depth and covered 
with a cap. The radon containing tubes are 
placed in the bottom of this cavity and 
held in place with melted paraffin or a small 
piece of rubber sponge. The filtration here 
is also equivalent to 2 mm. of brass. Al- 
though some rays penetrate the lateral 
walls of the bomb, the filtration is so great 
that from a therapeutic standpoint they 
are inconsequential. A typical set-up is 
depicted in Figure 7 which is drawn to 
ratio. 

The bomb is inserted in the vagina and 
held in place directly over the cervix. Some 
packing may be required to hold the bomb 
in the proper position, or it may be neces- 
sary in some cases to attach it to a board 
on which the patient lies. At one time an 
attempt was made to irradiate separately 
each vaginal fornix by directing the bomb 
laterally. We believe this procedure has 
been abandoned. The total dose given by 
the bomb is about 1,500 mc-hr. 

The preoperative care of the patient, the 
technique of the application, and the post- 
operative care may be found in references 
recorded in the bibliography. Figures 8 and 
g show the § and 10 T.s.£.D. isodose curves 
calculated from the above doses, that is, 
3,000 mc-hr. in the uterus and 1,500 mc-hr. 
in the vagina. The isodose curves are drawn 
in the median coronal plane and in the 
horizontal plane through the widest por- 
tion of the median coronal plane. The cal- 
culation of these isodose curves is relatively 
simple since all points are assumed to lie 
in a line. The aggregation of tubes in the 
bomb are calculated as from a point source 
as are each of the intrauterine capsules. 


UTERUS 
---- X AMOUNT RA. 
-------- 2X AMOUNT RA, 
ANY 
E \\ 4----- BOMB 
= 
: 
: 


VoL. 36 No. 4 


' 
' 
' 
' 
o 
Q 
= 
na 
. 
' 


ic. 8. Median coronal isodose curves. 


The maximum transverse and anterior pos- 
terior dimensions of the § T.s.E.D. 
curve are found to be §.5 cm. 
Methods in Use at Raditumhemmet, Stock- 
holm. \t would be very difficult to attempt 
to describe a typical method of treatment 
of carcinoma of the cervix in the Radium- 
hemmet. Here, more than anywhere else, 
each case is treated individually and many 
types of applicators are designed with this 
in view. We have plotted isodose curves for 
two fairly typical set-ups. While the shape, 
size, and distribution of the applicators 
vary to a considerable extent, the dosage 
varies little. The filtration employed in all 
applicators is equivalent to 3 mm. of lead. 
Before the applicators are inserted, they 
are incased in paper or cloth and covered 
with a thin rubber membrane which re- 
duces some of the secondary radiation and 
protects the applicators from the body 
fluids. An attempt is made to divide the 
dosage into three equal doses. The second 
dose is given one week after the completion 
of the first dose, and the third dose is ad- 
ministered three weeks after the comple- 
tion of the second, taking one month to 
complete the treatments. For a number of 
years they have considered this the ideal 
method of treatment, but due to the de- 
mands on the radium available most of the 
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g. Horizontal isodose curves. 


treatments within recent years have been 
confined to two sittings. At this institution 
the radium element is employed as a source 
of radiation. The total dosage in the vagina 
is about 4,500 mg-hr. This dosage does not 
often vary. The dosage in the uterus is 
somewhat more flexible, depending upon 
the extent of the lesion, the size and posi- 
tion of the uterus, and other variable fac- 
tors. The dosage here, however, will aver- 
age about half of that in the vagina, so that 
the total average dose administered in two 
or three sittings is between 6,500 and 7,000 
mg-hr. 

In Figure 10 may be seen a fairly typical 


-------7--- SINGLE CAPSULE 


VAGINAL CYLINDERS 


CELLULOID SLEDGE 


Fic. 10. Showing a method of application employing 
cylinders and separating sledge. Only a single 
capsule is placed in the uterus. 
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set-up in a large ulcerated cancer of the 
cervix. Hollow lead capsules containing 
radium are separated laterally as far as 


Fic. 11. Median coronal isodose curves. 


possible by means of an applicator known 
as a celluloid sledge. In the uterine cavity 
is a single capsule of radium. The diameters 


Fic. 12. Horizontal isodose curves. 


of the capsules are drawn to scale. The 
thick walls of the capsules shown are not 
composed entirely of lead but in each case 
the filtration is equivalent to 3 mm. of lead. 
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The capsule which contains the radium 
salt varies in length and averages about 15 
mm. In Figure 10 each capsule was cal- 
culated as a point source. Vaginal packing 
is not shown in place in the drawings. 
Figure 11 shows the § and 10 1.s.£.D. iso- 
dose curves in the median coronal plane, 
while Figure 12 shows the same isodose 
curves in the horizontal plane. 

In this set-up it will be noted that the 
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kiG. 13. Showing another method of radium applica 
tion. X in the above drawing equals the total 
amount of radium 


§ T.S.E.D. 1sodose curves extend trans- 
versely for a distance of a little over 6.5 cm. 
and anteroposteriorly for 6 cm. 

In Figure 13 is another frequently used 
set-up which consists of a single flat box 
whose outside dimensions are 40X46 mm. 
It contains 10 radium bearing capsules of 
equal strength. A number of such boxes are 
available, some of them being the size of 
a postage stamp and held together by 
means of clips so that they may completely 
surround the lesion, if it is pedunculated 
for a distance of a few centimeters. In the 
set-up shown the intrauterine applicator 
consists of a metal tube slightly angulated 
in the center in order to conform to the 
normal anterior curvature of the uterine 
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canal. When the isodose curves are con- 
sidered on the above set-up, it is found 
that they vary little from the method of 
application just described. The transverse 
diameter of the § T.s.£.D. isodose curves is 
7.5 cm. (Fig. 14), and the anteroposterior 
is 7 cm. (Fig. 15). This type of application 
is used most frequently in the flat, laterally 
expanding type of carcinomas in the vault. 

The above calculations, of course, are 
based upon comparison with dosage charts 
calculated for twenty-four hours’ time so 
that while these curves represent the actual 
amount of radiation delivered at any point 
in the curves it makes it difficult to com- 
pare the tissue reaction with other meth- 
ods. Here the reaction is much less since 
the tissue has a chance to recuperate in a 
large measure between each application 
when the dosage is divided into three doses 
over the period of a month. 

POINTS SUBJECT TO CRITICISM 

(1) The position of the rectum and blad- 
der must be considered as diagrammatic 
and do not occupy comparable planes since 
the greatest diameter of the vertical plane 
curves varies upward or downward, depend- 
ing on the method. 


Kic. 14. Median coronal isodose curves. 
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kic. 15. Horizontal isodose curves. 


(2) The tissue recuperation rate for the 
time factor has not been considered. 

(3) The variation of the value of a 
threshold skin erythema dose for the vary- 
ing wave lengths produced by such a 
variety of filters has not been corrected for. 

(4) The size and position of the uterus 
and the extent of the lesion are too variable 
to fix exact radiating points for plotting 
curves. 


CONCLUSIONS AND OBSERVATIONS 


It seems, when all the variable clinical 
factors are taken into consideration, that 
no one method can be used to the exclusion 
of others, if the greatest quantity of radia- 
tion is to be delivered into the parametria 
and the route of metastasis, while protect- 
ing as far as possible the rectum and blad- 
der. 

The size, shape, and location of the tu- 
mor should be important criteria in the out- 
lining of treatment. We do not believe any 
treatment should be given in the uterus 
which will deliver more than 15 T.s.E.D. at 
a distance of 1.5 cm. from the source of 
radiation unless perhaps for a bulky car- 
cinoma in the fundus. This dosage is de- 
livered when radium is applied in the cervix 
for 3,500 mg-hr. with filter equivalent to 
0.3 mm. of gold and is about the thera- 
peutic limit of safety. This method is as 
efficient as most methods, with the excep- 
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tion of the colpostat, which adds more 
radiation to the cervical lymphatic drain- 
age area than any other applicator when 
the type of lesion and local anatomy permit 
its use. 

Certain applicators such as the bomb, 
and various plaques when placed in the 
vaginal vault, add little to the field of at- 
tempted radiation and may increase the 
dose to an already over-irradiated area. 

Radium cannot be given in the vagina 
and uterus in sufficient quantities to de- 
liver a lethal dose to the average radio- 
sensitive cancer cells lying in the lateral 
parametria without delivering a lethal tis- 
sue dose to the bladder, rectal, or celomic 
walls. 

We feel that the inverse square law has 
not been put to the greatest advantage in 
the vaginal applicators. For example, the 
colpostat expands laterally the fornices and 
brings the radium nearer the parametria, 
and while the vaginal mucosa should limit 
the amount of radiation delivered, yet it 
lies only 0.75 cm. from the radium, which 
fact definitely limits the amount that can 
be given to around 1,200 mg-hr. This de- 
livers 15 T.S.E.D. to the mucosa which is the 
dose employed for this portion of the colpo- 
stat. However at 3 cm. from the capsule in 
the parametria only 1.6 T.s.E.D. is de- 
livered. The bomb is a better designed ap- 
paratus for delivering a depth dose but an 
increase in the intracervical dose accom- 
plishes the same purpose as that for which 
it is used. 

There is a feeling among some radiolo- 
gists that an increase in the filtration tends 
to increase the depth dose of radiation. It 
is our belief that any increase over that of 
approximate beta-ray elimination is of 
little value and is a waste of radiation. The 
increase of filtration beyond this point does 
not tend to diminish to any extent the re- 
action of the tissue adjacent to the appli- 
cators, as this depends on the distance from 
the source of radiation which varies in- 
versely as the square of the distance. 

The drawings included are strictly sche- 
matic and no attempt is made to vary the 
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applicators to fit the various types of car- 
cinomas, but it is hoped that they will be 
of value in enabling the radium therapist to 
anticipate the limitations of the efficacy of 
gamma radiation when it is used in treating 
cancer of the uterine cervix. 


SUMMARY 


(1) Isodose curves are plotted around an 
average size uterus in various methods that 
employ radium in the treatment of car- 
cinoma of the cervix. 

(2) The curves calculated are those for 
the following techniques: Local applica- 
tions into the cervix, the methods of the 
Radium Institute in Paris, the Memorial 
Hospital in New York, and the Radium- 
hemmet in Stockholm. 

(3) The § and 10 T.s.£.D. isodose curves 
are chosen because more radiation than 10 
skin erythema doses is likely to produce a 
tissue necrosis and less radiation than 5 
skin erythema doses will not destroy many 
types of cancer cells. 

(4) The method of calculating isodose 
curves for multiple points in three dimen- 
sions is described in detail. 

(5) Conclusions, observations and minor 
recommendations are made. 

(6) Various tables, charts and drawings 
are given which may be of value to the 
radium therapist.* 
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SERIOUS COMPLICATIONS ENCOUNTERED DURING 
TREATMENT OF CARCINOMA OF THE 
UTERINE CERVIX* 


By HARRY H. 


BOWING, M.D., and ROBERT E. 


FRICKE, M.D. 


Section on Therapeutic Radiology, The Mavo Clini: 
ROCHESTER, MINNESOTA 


URING treatment of carcinoma of 

the cervix with radium, serious com- 
plications may intervene; these may ne- 
cessitate permanent or temporary cessation 
of radium therapy and the application of 
measures to combat the crisis. Analysis of 
these complicating factors is valuable as the 
treatment is principally one of prevention. 
In our experience, the complications are 
chiefly acute inflammatory processes. In 
the treatment of carcinoma of the uterine 
cervix with divided doses of radium, pa- 
tients who are seriously ill are under the 
care of the radiologist for three or four 
weeks. There are many things which may 
cause an interruption. Treatment with 
divided doses of radium lends itself well to 
the successful handling of complications. 
The treatments are not too taxing and they 
can be stopped instantly and emergency 
measures adopted if danger threatens. 

This paper is based on a study of 541 
patients who were referred to the Section 
on Therapeutic Radiology at The Mayo 
Clinic for the treatment of carcinoma of 
the uterine cervix in the vears 1930 to 1934, 
inclusive. For all these patients this was 
the first treatment with radium at The 
Clinic and for many it was the only course 
of radium therapy. Patients who had re- 
turned for reéxamination have not been 
included. Four hundred and ninety-five 
patients (91.5 per cent) were accepted for 
treatment. 

The number and the severity of the com- 
plications encountered depend a great deal 
on the extent of the malignant process and 
on the general health of the individual se- 
lected for treatment. For comparison, the 
lesions in these cases have been grouped 


according to the classification recom- 
mended by The Radiological Subcommis- 
sion of the League of Nations! (Table 1). 
Lesions which had been altered by recent 
treatment, such as cauterization, radium 
therapy, or roentgen therapy, have been 
classified as modified lesions. 

The conditions which precluded treat- 
ment in 46 cases are listed in Table 11. In 
the 2 cases in which operation had been 
performed, the vagina was so small that 
radium could not be placed satisfactorily. 


TABLE | 


CLASSIFICATION OF LESIONS IN S41 CASES OF CAR | 


CINOMA OF UTERINE CERVIX 
Cases 
Lesions 
Number | Per Cent 
Karly (Stage 1) 1! 2 
Borderline (Stage 2) 44 8.1 
Inoperable (Stages 3 and 4) 323 59.7 
Modified* 163 90.2 
Total I 
* In 13 of these cases the lesions could be classified in Stages 1 
and 2, and in 150 cases they could be classified in Stages 3 and 4. 


Following careful analysis of the extent 
of the lesion and evaluation of the general 
condition of the patient, the plan of treat- 
ment is determined. Selection of the proper 
plan for the individual patient is a test of 
radiologic judgment. If the carcinoma is 
sufficiently localized to offer a possibility 
of cure, and if the general health of the 
patient is fairly good, a complete treatment 

League of Nations Health Organisation Cancer Commission. 


Reports submitted by the Radiological Subcommission, Geneva, 
1929, 82 


* Read at the Twenty-first Annual Meeting, American Radium Society, Kansas City, Mo., May 11-12, 1936. 
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is decided on. This consists of approxi- 
mately eight applications of radium in the 
cervical canal, fundus and vagina, for a 
total of 6,000 to 8,000 millicurie-hours, 
within a period of about three weeks, fol 
lowed by a course of high voltage roentgen 
therapy. If the growth is too extensive for 
possible cure, if distant metastasis has been 
proved, or if the general health of the pa- 
tient is seriously undermined, a limited 
treatment is planned. This consists of a 
fourth or a third of the dosage used in the 
complete treatment, the object being to 
secure palliation. If the carcinoma has been 
surgically removed by the Wertheim oper- 
ation, a prophylactic treatment is planned; 


Taste I] 


CONDITIONS WHICH PRECLUDED 


RADIUM 


rREATMENT WITH 


Cases 
Condition 
Number | Per Cent 


Condition hopeless; growth 


extensive 25 $4.3 
Recent treatment elsewhere 3 6.5 
Patient desired to undergo 

treatment at home 6 7.1 


Previous treatment appar- 
ently had been effective 6 ‘3.8 

Previous operation made 

treatment impossible 


Carcinomatous 


te 
+ 


fistulas or 


proctitis 3 6.5 
Acute pelvic cellulitis 2.2 
Total 46 100.0 


this consists of vaginal applications of ra- 
dium and high voltage roentgen therapy. 
However, major complications may super- 
vene in cases in which a complete treat- 
ment has been planned or even in cases in 
which a limited treatment been 
planned, and the treatment will have to be 
stopped permanently or temporarily. Such 
complications occurred in 28 cases in this 
series (Table 111). The major complications 
were of an acute inflammatory nature in 
18, or 64 per cent, and noninflammatory in 
the remainder of these cases. Pelvic cellu- 
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Taste III 


COMPLICATIONS WHICH CAUSED RADIUM THERAPY TO 
BE ABANDONED 


Cases 
Complications - 


Number | Per Cent 


Pelvic cellulitis 11 39.4 
Pelvic cellulitis (pelvic ab- 
scess) 2 


Pelviccellulitis (general peri- 
tonitis) 


3 10.7 
Hvdronephrosis (anuria) 4 14.3 
Cachexia 2 7.1 
Pyometritis 2 
Pulmonary embolism I 3.6 
Intestinal obstruction I 3.6 
Patient wished to continue 

treatment at home 2 7 
Total 28 100.0 


litis with or without pelvic abscess or gen- 
eral peritonitis occurred in 16 cases. Hydro- 
nephrosis occurred in 4 cases, pyometritis 
in 2, intestinal obstruction in 1, and pul- 
monary embolism in 1 case. This group of 
cases is our chief concern in this study. In 
all of the cases in which treatment had to 
be abandoned the lesions were classified in 
Stages 3 and 4, being about equally divided 
in the two stages. In 10 per cent of these 
cases the lesions had been modified by pre- 
vious treatment. Radiation treatment was 
discontinued at once. The complications 
were treated successfully in 22 cases, but 
6 patients, 1.2 per cent of the number 
treated, died. 

Complications usually occur in cases in 
which too much has been planned in the 


TaBLe IV 


TREATMENT IN 495 CASES OF CARCINOMA 
OF UTERINE CERVIX 


Cases 
Treatment 
| Number Per Cent 
Complete 314 63.4 
Limited 132 26 .6 
Abandoned 28 5.6 
Prophylactic 21 4.2 
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way of treatment. The type of treatment 
used in the 495 cases is shown in Table tv. 
The radiologist should endeavor to keep 
this group of cases as small as possible by 
carefully planning the treatment when the 
patient is first studied. 

The treatmént of these major complica- 
tions is largely expectant; surgical inter- 
vention should be employed when neces- 
sary. Careful nursing, application of heat, 
the use of douches, intravenous medication 
and transfusions, and drainage of the uter- 
ine cavity in the presence of pyometritis, 
all have their function in alleviating these 
critical conditions. The therapy selected 
depends on the results of clinical and lab- 
oratory investigations, such as careful pel- 
vic and general examinations, blood counts 
and blood cultures, urinalysis, determina- 
tion of the amount of urea in the blood, 
and roentgenologic studies. 

Much in the way of prevention of serious 
pelvic cellulitis and peritonitis can be ac- 
complished by daily cleansing of the cervi- 
cal lesion if considerable infection is evi- 
dent. With the patient in the knee-chest 
position and the lesion exposed, much 
slough and débris can be cleared away with 
daily applications of antiseptic solutions 
(metaphen, mercurochrome, and so forth). 
If only a moderate degree of infection pre- 
vails, daily cleansing with a solution of 
sodium bicarbonate is usually sufficient. 

Hemorrhage requires more vigorous 
management. With a speculum and with 
the patient in the knee-chest position, 
gauze packing is applied so that it com- 
pletely fills the vagina. Calcium is then ad- 
ministered orally and morphine is ad- 
ministered hypodermically. The patient is 
placed at rest with ice bags over the pelvic 
region. If the bleeding continues the pack- 
ing is reinforced, that is, the gauze is al- 
lowed to protrude externally and additional 
pressure is secured with adhesive tape or 
a tight T-binder. A catheter is left in place 
in order to relieve intravesical pressure. 
The vagina tolerates packing poorly, how- 
ever, and if the vaginal mucosa undergoes 
maceration, it is protected by sponges 
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soaked in petrolatum. Meantime, the ap- 
plications of radium are continued as ir- 
radiation gradually tends to diminish the 
bleeding. If the hemorrhage is severe and 
prolonged, transfusion of blood, adminis- 
tration of iron, and a diet that is rich in 
vitamins are helpful measures. Severe 
hemorrhage is the result of erosion of the 
blood vessels by the malignant process. 
Aside from true hemorrhage, surface 0oz- 
ing of blood may cause much concern. 
Troublesome bleeding may start from 
rough and careless manipulation. All pro- 
cedures such as placing applicators in the 
cervical canal or uterine fundus, the pas- 
sage of uterine sounds, or removing a 
specimen of tissue for microscopic exam- 
ination must be carried out delicately to 
avoid trauma and bleeding. With the lesion 
well exposed and with the patient in the 
knee-chest position, radium can be placed 
readily without the application of tenacula 
or other toothed instruments. 

Rectovaginal or vesicovaginal fistulas 
are rarely seen except as a late result of the 
malignant process. In the earliest days of 
radium therapy these conditions were en- 
countered more frequently, probably be- 
cause of improper treatment especially in 
cases in which massive doses were em- 
ployed with insufficient filtration. In 3 
cases the patients were not treated with 
radium because fistulas were present. In 2 
of these cases the fistulas evidently were 
the result of carcinoma as no previous ir- 
radiation had been given. Proctitis is an- 
other serious complication which often is 
attributable to irradiation, although it may 
result from perirectal extension of the 
growth. The rectal mucosa tolerates ir- 
radiation poorly. Three patients were not 
treated with radium because of severe 
proctitis which had followed radium ther- 
apy elsewhere. Injection of olive oil into 
the rectum, suppositories of belladonna and 
opium, and a low residue diet help to re- 
lieve this complication. 

Lymph stasis with edema of one or both 
legs is occasionally encountered in late 
stages of the disease, in cases in which 
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massive infiltration and a “frozen pelvis” 
are present. Rest and elevation of the part, 
and the administration of sedatives offer 
some alleviation. Many years ago, when 
the same condition was seen more fre- 
quently, probably following too enthusi- 
astic irradiation, it could be gradually 
cleared up by the measures just mentioned, 
but in recent years, as a result of scientific 
advances in radium therapy, this com- 
plication rarely has been seen. 

Elevation of temperature, which fre- 
quently is seen in the course of treatment, 
in most cases is the result of the infected 
cervical lesions. As a rule, the elevation is 
only a degree or two, but if the temperature 
rises above 101.5° F., the applications of 
radium should be discontinued, medication 
should be instituted to abate the tempera- 
ture, and local applications should be em- 
ployed. 

In 6 of the 28 cases in which major com- 
plications developed, the patients died. 
Two of these patients had received only one 
application of radium, 1 had received three 
applications, 2 had received five applica- 
tions, and 1 had just completed the full 
course. Four of the 6 deaths were the re- 
sult of acute inflammatory processes, such 
as pelvic cellulitis with cystitis, pyelitis, 
general peritonitis, and septicemia. One 
patient died of pulmonary embolism. One 
death was the result of advanced malig- 
nancy; hemorrhages, anemia, uremia, and 
hydrothorax were contributing factors. 

It is interesting to know that the major 
complications which occur during the 
initial treatment with radium differ mark- 
edly from the major complications which 
occur during radium therapy administered 
months or years after the initial treatment 
with radium. In the former group of cases 
the complications in the first instance are 
alarming, more dramatic and more critical 
than they are in the latter instance, and 
they may terminate very suddenly in 
death. These complications frequently are 
the result of infection which accompanies 
the malignant process and causes peri- 
tonitis or septicemia, although occasionally 
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they may be the result of hemorrhage. In 
the latter? instance the complications fre- 
quently occur long after radium has been 
administered and the causes are different. 
The malignant disease has not been cured, 
but the process has been arrested and palli- 
ation has occurred. Eventually, extension 
of the carcinoma causes undermining of the 
general health and late complications. For 
instance, extension into the broad liga- 
ments constricts the ureters and causes 
hydronephrosis with resultant uremia, 
which is the most common cause of death 
in the late stages. Other common com- 
plications are the result of metastasis to 
distant regions, such as the lungs, brain, 
liver, and to terminal infections such as 
bronchopneumonia. 

However, the major complications which 
occur during the initial treatment with ra- 
dium are mainly acute and usually are the 
result of infection. The healing effect of 
radium has not had time to exert its in- 
fluence. Changes in the tissues occur for at 
least three months following the conclusion 
of radium therapy. If these complications 
can be successfully prevented or van- 
quished, proper radiation therapy can be 
successfully completed with hope of eradi- 
cating the malignant process. 


SUMMARY 


During the five years 1930 to 1934, in- 
clusive, 541 patients who had carcinoma 
of the cervix were referred to us for radium 
therapy. Treatment was planned and 
started in 495 cases. In about go per cent 
of these cases the lesions were inoperable. 
In spite of careful studies of each patient 
and the planning of treatment which would 
not unduly tax the patient’s reserve, major 
complications occurred in 5.6 per cent of 
these cases, and death occurred in six cases, 
or 1.2 per cent of the cases. It is easier to 
prevent these complications by careful 
planning of suitable treatment than it is 
to treat them after they do occur. They are 
not the result of the treatment as the treat- 


2 Fricke, R. E. Mortality study in carcinoma of the uterine 
cervix treated by irradiation. Am. J. Roenrcenor. & Rap. 
THERAPY, 1935, 3.3, 670-676. 
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ment induces gradual changes in the tissues 
for months. They usually are the result of 
acute inflammatory processes and infection 
which accompany the malignancy. We be- 
lieve that treatment with divided doses of 
radium affords a good opportunity to fore- 
stall or control these major complications. 
The treatments are given gradually during 
three weeks and the dosage is attuned to 
the radiosensitivity of the lesion and to the 
strength of the individual to tolerate the 
procedure. At the first intimation of dan- 
ger, the treatment should be discontinued 
and the proper steps should be taken to 
overcome the impending complication. 


DISCUSSION* 

Dr. W. P. Hearty, New York City. This 
certainly is one of the most delightful, and | 
think one of the most instructive symposia 
that could be listened to upon diseases of the 
cervix and corpus uteri. 

Dr. Findley is always an able speaker and | 
agree with him, except perhaps regarding 
curettage to rule out pregnancy before radia- 
tion therapy. I think that is perhaps unneces- 
sary, if | understood him correctly. The average 
age for cancer of the cervix is forty-eight, and 
| assume that the question of diagnostic curet- 
tage had better be limited to those cases where 
pregnancy might exist. In our experience at 
Memorial Hospital, in over 3,000 cases of 
cervix cancer I have never yet had to irradiate 
one occurring in a pregnant uterus. I have seen 
and treated several cases of cancer of the cervix 
after delivery. The patients had aborted or 
delivered at full term. 

Dr. Arneson’s very instructive paper should 
be referred to in order to emphasize what we 
all realize, and that is that histology in corpus 
carcinoma is the important thing. If we could 
ascertain the histology without too much 
damage to the patient, and could definitely 
determine that the cancer of the uterus is of 
the adenoma malignum type rather than the 
anaplastic highly malignant type it would be 
of great assistance. Of these cases 50 per cent 
occur in the less malignant group and if oper- 
able they are curable by hysterectomy. The 
cases we are after come in the highly malignant 
type and we cannot tell without diagnostic 


* On papers of Drs. Findley, Arneson, Lucas, and Bowing and 
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curettage, so that the pathologist may examine 
a number of slides and be sure it is or is not 
the anaplastic type that we are dealing with. 
Since we cannot tell this from a frozen section 
we think it is proper always to have radium 
available at the time the diagnostic curettage 1s 
done, and we insert radium at that time and 
await the report of the properly worked up 
sections before we decide whether we will per- 
form hysterectomy in six weeks or not. All of 
our cases of cancer of the corpus uteri at 
Memorial Hospital, operable or inoperable, 
have preliminary irradiation. As the average 
age for cancer of the corpus uteri is about fifty- 
five we should theoretically give the woman 
beyond the menopause who comes to us with 
uterine bleeding, in whom we are apt to think 
that cancer may be present in the corpus, pre- 
liminary roentgen irradiation before we curette. 
Krom time to time | am convinced that in 
diagnostic curettage we may send some cancer 
cells out through the tube, or to the ovary, 
as was shown by Dr. Arneson today, but pre- 
liminary roentgen irradiation, perhaps 1,000 r 
to each of four pelvic fields will be enough to 
affect the cancer of the corpus, so that within 
another week following this preliminary irra- 
diation we can do the curettage more safely. 
The 50 per cent of anaplastic cases have never 
given us more than 10-1¢ per cent of five year 
cures with surgery alone, but with irradiation 
we can get 50-70 per cent five year cures. | am, 
therefore, when necessary, perfectly willing to 
rely upon irradiation in such cases of cancer of 
the corpus, but, being a surgeon, | am always 
happier to have the uterus out. If the case is 
operable I am not willing to leave the uterus in 
and will remove it in five to six weeks after 
irradiation. Frequently the pathologist reports 
that there is no evidence of malignancy in the 
uterus when it has been removed. As Dr. 
Arneson said, the capsules cover the entire 
region from the fundus down to the cervix. We 
give 3,500 mg-hr. 

The prognosis is much poorer if the patient 
also has coincidental involvement of the cervix 
secondary to the corpus. These patients are 
much more difficult to keep alive with any 
form of treatment beyond two and a half to 
three years. 

Dr. Lucas emphasized what we think is es- 
sential; that is, we must get approximately 10 
s.E.D. throughout the entire cancer bearing 
field. Also he emphasized another important 
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point, and that is that we must have various 
types of vaginal applicators for use. It would 
be foolish to think that we depend at Memorial 
Hospital upon the bomb for use in all cases. 
That was used early in the work in this field, 
but now we have half a dozen different types 
of vaginal applicators, and in one morning if 
we have four different clinical types of cases we 
may use four different types of applicators. 
The colpostat is the best theoretically but it 
cannot be used in all cases. 

Dr. Bowing’s classification is practically the 
same as ours. 

The complications of radiation therapy can 
be divided into the immediate and the remote 
or later complications. The immediate com- 
plications have rarely interfered with carrying 
out any treatment we wished to use in any 
given case. About the only thing that has 
caused slowing vp has been proctitis from 
roentgen irradiation, and that seldom has come 
on within two weeks from the time we began 
treatment, then by slowing up usually we can 
finish it. The late complications seem to me 
much more serious, those associated with in- 
testinal and bladder lesions, and they come on 
any time from six months to ten years after 
the patient has been irradiated. 

Dr. Curtis F. Burnam, Baltimore, Md. Re- 
ferring to Dr. Findley’s paper and his remarks 
on the complications which pregnancy offers to 
radiation, I would like to say that at the clinic 
of the Howard A. Kelly Hospital, a number of 
cases of carcinoma of the cervix, complicated 
by pregnancy, have been seen. Dr. William 
Neill, of our staff, has reported these cases. 
Fortunately, the cases seen, on the average, 
were early. Apparently the condition of preg- 
nancy adds to the patients’ anxiety and leads 
to early examinations. If the pregnancy has 
advanced to as far as the fourth month, it is 
perfectly safe to treat with radium, topically 
applied, and on the cervix. The dosage should 
be made somewhat less than that employed in 
an ordinary cervix cancer of the same extent. 
\ number of cases have been cured in this way 
without interrupting the pregnancy, which had 
been allowed to go to term and then usually 
ended by cesarean section. Of the children born 
in this way, there are no signs of physical or 
mental abnormalities. 

Dr. Epwin C. Ernst, St. Louis, Mo. I think 
from a purely radiologic standpoint these pres- 
entations have been most interesting to us who 
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are so-called clinical radiologists. This is espe- 
cially true when the last week of last month in 
three consultations I had, all 3 patients had 
early complications due to infection. In one 
case there was a small growth, which the 
surgeon said was the earliest growth he had 
seen on the cervix. Two or three other men 
had looked at it and then I was called in and 
said this was a case where radium should be 
employed. Then a frozen section came back 
which was reported highly malignant. I insisted 
that roentgen therapy be used first. They de- 
bated about this and the next morning asked 
me to use radium instead. I was preparing the 
radium when the patient was reported to have 
a temperature of 103° F. We waited several 
days and the temperature went up to 105° F. 
What happened was that in taking the biopsy 
they pulled loose some of the tissues, or dis- 
placed them. These complications are not al- 
ways due to the irradiation. This patient is 
holding her own, with the temperature back to 
normal. It is possible that there was a deep 
erosion near the cervix. In the other cases, in 
one instance as much as a pint of pus was seen 
ina sac. The patient was taken to the operating 
room and the pus gushed out. 

The point is emphasized by all the papers 
that irradiation, by roentgen rays particularly, 
is most valuable if administered first. Another 
point is that we must think of the parametria, 
particularly in roentgen therapy. At the 
Barnard Hospital we have been studying the 
different effects of different dosage and it is 
surprising to see the wide variation. The im- 
portant thing is to keep the parametria in 
mind. I hope this fall to report the effects of 
the roentgen-ray dose and estimate thereby the 
exact tissue dose. The more we speak of the 
exact dosage which will limit the prognosis, 
the better it will be. One of the methods we 
used was to measure the inner dosage and the 
exit dosage, and also the vaginal irradiation, 
and to me this has been very valuable in im- 
proving our results and in getting a safer and 
fuller dose into the parametrial areas. 


Dr. Davin Y. Kerru, Louisville, Ky. I think 
it might be well to mention 3 cases of car- 
cinoma occurring in pregnancy, 2 beyond the 
fourth month, treated as Dr. Burnam said. In 
one case the woman insisted that she was hav- 
ing a miscarriage. She had a fungating type of 
tumor that practically filled the vagina. Her 
physician, who has had wide experience, in- 
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sisted that she could not be pregnant. She was 
treated with radium, the carcinoma receded, 
and two months later she had a miscarriage. | 
report this so that someone else will not make 
the mistake of telling any young woman she 
cannot be pregnant. Her doctor says that he 
will never again tell any woman that she can- 
not become pregnant. 


Dr. AtBert Soitanp, Los Angeles, Calif. 
Dr. Bowing has presented to this Society one 


of the best balanced papers on the treatment of 
carcinoma of the uterus, from the viewpoint of 


the radiologist, which it has been our privilege 
to hear. Ii is gratifying to note that this method 
is now reaching its proper plane of usefulness in 
an institution which has, for a great many 
years, been considered perhaps only as an out- 
standing surgical clinic. Dr. Healy, who has 
preceded me in the discussion, gave such 
masterly résumé of the whole subject, both 
surgical and radiological, that I could not pos- 
sibly add anything of value. I wish, however, 
to voice my personal appreciation to him for so 
clearly stating the contraindications to the use 
of the curette in the presence of a probable 
malignancy. I have always felt and have stated 
on former occasions that one is inviting cell 
proliferation and disaster every time a curette 
is used except when preceded by preoperative 
irradiation. 

Dr. W. H. Sarcent, Oakland, Calif. | 
would like to report a complication I have en- 


countered on several occasions, in the hope of 
This is a swelling of 


getting some assistance. 
the thigh and leg very much like the swollen 
arm that develops after breast carcinoma. It 
has developed in from six months to two and a 
half years after completion of treatment and 
has usually been preceded and accompanied by 
a dull pain, often severe, in the pelvis and lower 
back on the side of the involved thigh. Upon 
pelvic examination in some of the cases, a hard 
mass fixed tightly to the pelvic wall has been 
found, but in 2 cases nothing could be felt in the 
pelvis to account for the swelling, and in one 
case there was no pain. I would like to ask 
whether this is thought to be due to metastasis 
to the deep pelvic glands or whether it might 
be due to the effect of intensive irradiation 
upon the lymphatics. All of the cases have de- 
veloped during the last few years since more in- 
tensive treatment has been used. They have 
not responded to further roentgen treatment. 
One case was referred for treatment with an 
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800 kv. machine, with only slight temporary 
decrease in the size of the thigh. This complica- 
tion of swollen thigh with the associated pain 
has been one of the most distressing complica- 
tions I have had to handle. 

The question of the possibility of the compli- 
cation of ureteral involvement not infre- 
quently arises, especially in advanced cases of 
carcinoma of the cervix. Where the symptoms 
are not pronounced one hesitates to submit the 
patient to cystoscopic examination, especially 
in private practice. Excretion urography offers 
a very satisfactory means of determining 
whether such pathology exists. Such an ex- 
amination gives us definite knowledge as to 
whether or not the ureters are obstructed. 


Dr. Arneson (closing). The report upon 
carcinoma of the cervical stump that has been 
referred to was published from the Memorial 
Hospital with Dr. Healy. The attempt was 
made to exclude patients who might have had 
malignant disease when the supracervical 
hysterectomy was performed. For this purpose 
was used the time elapsing between operation 
and the development of carcinoma in the 
cervical stump. The patients selected for the 
series were those in whom at least one year 
had elapsed following subtotal hysterectomy 
before symptoms of cervical carcinoma ap- 
peared, or in whom at least three years elapsed 
before the diagnosis of cancer was made. Upon 
this basis were found 67 cases of stump cancer, 
or 2.6 per cent of the 2,600 patients with car- 
cinoma of the cervix who had been admitted to 
the gynecological clinic. 

These patients were comparable in age, 
clinical extent of disease, histological grouping 
and symptomatology with all the other cases. 
However, the results were inferior to those ob- 
tained in patients from whom the corpus had 
not been removed. Only 14 per cent survived 
the five year period. Among those with early 
lesions 43 per cent lived for this period of time, 
but only 7 per cent of those with advanced 
disease were cured. In all patients with cervix 
cancer the five year cures had ranged from 20 
to 24 per cent. Of the early cases from 50 to 
60 per cent had survived, and of those with ad- 
vanced lesions from Io to 15 per cent had been 
cured. 

The poor results were attributed to insuff- 
cient irradiation, partially due to the diff- 
culties encountered in making a correct appli- 
cation of radium in the absence of the uterine 
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corpus. In most patients a single capsule of 
radium could be placed in the canal of the re- 
maining cervix. However, in many cases the 
cervix had been destroyed by the disease, leav- 
ing an ulcerated crater in the vaginal vault. In 
the latter instance it was necessary to pack the 
radium against the lesion, which delivered a 
less desirable distribution of radiation. In those 
patients it was recommended that large 
amounts of external irradiation be employed 
td supplement the dose delivered by radium. 
By this means it may be possible to treat ade- 
quately some lesions that would otherwise be 
insufficiently irradiated. The five year results 
among the patients who received a tissue dose 
similar to that delivered to the patients who 
had not had a supracervical hysterectomy were 
comparable to those obtained in all cases. 


Dr. Bowrne (closing). Regarding the com- 
plication of the swollen leg, years ago it was 
common for us to have cases of edema of one 
leg, or of fistula of the rectum or bladder, and 
it was our experience that in most cases this 
was attributable to the carcinomatous involve- 
ment. It seems that with the more adequate 
methods of handling these cases these complica- 
tions do not occur so frequently. I am inclined 
to believe that the condition is attributable to 
malignancy but in the treated case the possi- 
bility of inadequate therapy, scars, stasis and 
so forth cannot be ruled out. If there is crip- 
pling I certainly would suspect bone metastasis. 

Dr. Arneson’s case is interesting. Of course, 
he has ruled out the possibility of carcinoma of 
the ovary metastasizing to the uterus. From 
the standpoint of cellular study alone this is 
very tedious to determine. The pathologist 
may report that it is ovarian carcinoma. In 

cases of extensive carcinoma of the fundus it is 

impossible, by bimanual palpation, to rule out 
the possibility of a primary carcinoma of the 
ovary metastasizing to the uterus. I have ob- 
served cases in which the diagnosis was car- 
cinoma of the rectum which were undoubtedly 
cases of primary carcinoma of the ovary. This 
determination is important from the standpoint 
of diagnosis for as a rule only limited treat- 
ment can be applied. 

As to pregnancy, since 191g I recall only one 
case of pregnancy that was not diagnosed. The 
case was one of extensive carcinoma of the 
uterine cervix. The fetus was about three 
months old and the patient could give no 
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history suggesting that she was pregnant. We 
have had pregnancy in the inoperable group of 
cases, in which the findings were obvious and 
the other tests of pregnancy were not necessary. 
To subject the average patient who is to 
undergo radiation treatment to a routine test 
for pregnancy I think is unnecessary. 

As to using dyes in genitourinary cases, we 
usually send these patients for cystoscopic 
examination. The urologist can tell, by such 
examination, whether the kidneys are deliver- 
ing the normal amount of urine or whether the 
amount is reduced and he can give us an im- 
mediate opinion. When necessary he will recom- 
mend urograms. 

The early cases Dr. Healy spoke of would 
worry all of us. Our experience centers about 
the inoperable cases. From the standpoint of 
the local extent of the tumor, only 7 to 10 per 
cent are considered early or borderline cases. 
We do operate in a very limited number of 
selected cases of cervical carcinoma but I do 
not know in what percentage. It is impossible, 
by palpation alone, to make a proper classifi- 
cation, but by inspection, placing the patient 
in the knee-chest position, it is possible to tell 
whether the carcinoma has invaded the 
regional vaginal walls. The early lesions are 
those in which the pathologic change is limited 
to the vaginal face of the cervix. Signs and 
symptoms may be absent. I recall 3 cases in 
which early carcinoma of the cervix was found 
in the course of routine physical examination. 
A case of early cervical carcinoma, graded 1 or 
2, should receive surgical consideration. We 
find that in 75 per cent of all cases the growth 
is graded 3 or 4. I have one case I can match 
with Dr. Healy’s. The patient, aged fourteen 
years, had an early lesion of Grade 4. Intensive 
therapy seemed contraindicated. I treated the 
lesion as if it were on the surface of the body. 
Treatment was very mild compared with that 
employed in the usual early case. The universal 
tube applicator, containing 50 mg. of radium 
sulphate (element), was applied for six to 
seven hours on two occasions, and this gave a 
splendid initial result. At the last report, the 
patient was menstruating normally and was 
apparently well. I do not want to be critical. 
The case is presented on its merits and for your 
consideration. 

I have enjoyed presenting the paper and 
appreciate your friendly, criticism and dis- 
cussion. 
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LATE EFFECTS OF IRRADIATION OF THE THYMUS* 


By D. STEWART POLK, M.D., and ELIZABETH KIRK ROSE, M.D. 


PHILADELPHIA, PENNSYLVANIA 


HIS isa preliminary report of a study 

to determine whether or not irradia- 
tion of the thymus gland as originally ad- 
ministered to infants and young children 
produced any effects upon later develop- 
ment. The question to be answered is: Did 
such treatment alter physical or mental 
development, sexual maturity, or subse- 
quent fertility? 

The meagerness of early records and the 
difficulty in tracing patients after intervals 
of ten to twenty years are rather obvious 
obstacles. The earliest recorded cases of 
thymus irradiation found in Philadelphia 
consisted of 25 from the University of 
Pennsylvania Hospital treated between 
Ig12 and 1922; 20 from the Jefferson Hos- 
pital and 10 from the Mount Sinai Hos- 
pital. Those from the last two institutions 
were treated between 1922 and 1924. Of 
the total 55 cases it was possible in the 
present study to follow 31. The contact 
consisted of interview with and examina- 
tion of the patient. When this was not 
possible information was obtained from the 
family physician or from the family. 

Because roentgen therapy machines have 
not been standardized until comparatively 
recently, it was necessary to have the re- 
spective roentgenologists transpose the 
treatment data into present-day roentgens. 
These estimated figures of dosages can be 
only approximate. We are indebted to Dr. 
EK. P. Pendergrass, Dr. J. T. Farrell, and 
Dr. Louis Edeikin for their cooperation in 
collecting these cases and in transposing 
the treatment data. 

The treatment of these cases varied with 
the hospital. One department gave I0o to 


300 r at intervals of one to two weeks; 


another gave 200 to 400 r at four week in- 
tervals, while the third gave Ioo r every 
three or four weeks. Compared with pres- 


ent-day practice in these same institutions, 
the dosages in this early period were some- 
what larger. 

In this presentation no attempt is made 
to analyze the history, symptoms, accuracy 
of diagnosis or immediate effects of ther- 
apy. However, it might be stated that 22 
presented dyspnea as a chief complaint, 
and that in 1§ cases there was sufficient 
cause for symptoms other than enlarge- 
ment of the thymus. 

There are 16 males and 15 females, all 
white. The ages at the time of treatment 
varied from twelve hours to six and a half 
years. There are 18 infants under eighteen 
months of age, 10 children between eight- 
een and thirty-six months, and 3 others 
who were four, five, and six and a half 
years of age respectively when treated. 

In looking over the data on the healthy 
group (see Table 1) it is found that 15 have 
passed through a normal adolescence; 6 
more are normal, though still preadoles- 
cent. None of these 22 normal children is 
beyond normal limits of height and weight 
in relation to age and family stature. Like- 
wise, each is normal or above normal in 
mentality when family, social and eco- 
nomic status are considered. Thus, in 22 
out of 31 there is no question as to normal 
growth and development. 

The remaining 9g cases (see Table 11) in- 
clude the congenitally defective, the men- 
tally deficient and those with other consti- 
tutional abnormalities or diseases. It is this 
group of which special analysis is made. 
Only 2 are living at present. 

Case 23. J. P., a sturdy, though stunted 
Italian boy of thirteen, is already known to the 
Juvenile Court and might be classed as almost 
incorrigible. He was the tenth child and was de- 
livered after forty-eight hours’ labor with an 
alleged birth weight of 12 pounds. Stertorous 


* From the Department of Pediatrics of the University of Pennsylvania School of Medicine. Read at the Thirty-Sixth Annual 
Meeting, American Roentgen Ray Society, Atlantic City, N. J., Sept. 24-27, 1935. 
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TABLE 


rTHYMUS IRRADIATION NORMALS 


Vor 6, Ne 
Case Name sex \ge When Treat- Total r 
ment Began 
1 |R.H 36 mo 
2 | E.H. 63 yr. 
3 | F. RK. M 30 mo 975 
4 |E. F. mo 812 
M. deR. 2 mo 
15. &. I: 1} mo 
M. E. I: mo 74/ 
8 A. W. I: > mo 
A. F. 4 mo. 47 
| €. 24 mo. 406 
2 | 3S. I: mo 4 
13 | R.1 MM mo 4 
14 14 mo 325 
pe its. yr 326 
16 | 1. M. M } mo 246 
i7 | A.A 4 mo 246 
is | A. | M 36 mo 13 
ig | I. K. M mo. 123 
2 R. M 25 mo. 104 
21 M 12 hr. 71 
22 | J. A. M 4 yr. 


breathing was noted from birth for which he 
received at the age of six and seven months 40 
r, a total of 800 r. Pneumonia at nine months 
and diphtheria at one year further complicated 
his turbulent infancy. He is thirteen at present, 
has the physical development of a child of ten 
and the mental age of a child of five or six. His 
birth rank (1oth in the family) makes the 
chance of abnormality three times greater than 
normal expectancy. His large size and difficult 
birth suggest possible intracranial trauma as 
the cause of his stertorous breathing and sub 
sequent lack of development. 

CASE 24. i B., now seventeen years old, 
has been paralyzed since birth. It required one 
hour to resuscitate her after a high forceps de- 
livery. She had convulsions throughout the first 
two days and required dropper feeding for the 
first two weeks. At five months she was unable 
to raise her head and has never learned to walk 
unsupported. She was irradiated at nineteen 
months, receiving 487 r in three treatments 
over a period of five weeks. At present she is 


No. of Duration of Present 
Treat- Treatment Pe- Age Development 
ments — riod in Months Yr. 
2 8 16 Normal 
4 8 21 Normal 
4 17 18 Normal (asthma) 
4 1s Normal 
4 11 Normal 
2 12 Normal 
§ 22 7 Normal (asthma) 
2 Normal 
1s 2 Normal 
4 3 13 Normal 
1s Normal (asthma) 
Normal 
12 Normal 
2 16 Normal 
1g Normal 
2 I 13 Normal 
2 I 13 Normal at 11 yr. 
16 Normal (hay fe- 
ver) 
l4 Normal (asth- 
matic bronchi- 
tis) 
1s Normal 
13 Normal 
17 4- 2§ Normal at 14 yr. 


paralyzed, athetoid, and is in an institution. 
Her puberty was normal. She is alert mentally, 
interested in people, reads, and has a good 
memory. Her diagnosis is Little’s disease, and 
her condition most certainly was due to birth 
injury and is unrelated to the irradiation at 
nineteen months. 

Case 25.H. U. was said “never to have been 
right from birth’. She never learned to walk or 
talk. At about two years she received four doses 
of 400 r each over a period of three months. She 
died at three and a half years, still unable to 
walk or talk. A maternal uncle was also de- 
fective. 

Case 26. R. P., described as a “‘marasmic”’ 
infant from birth, was treated six times be- 
tween three and eight months of age, receiving 
a total of 975 r with no improvement in the 
dyspnea or the frequent convulsions, which 
were his chief symptoms. He never walked or 
talked before his death at seven and a half 
years. 


Case 27. B. S. was most probably defec- 
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tive from birth—a premature infant with dysp- 
nea and convulsions, even before irradiation 
was begun at seven weeks. Treatment contin- 
ued over six weeks, the total dosage being 650 r. 
He died at the age of nine years. 

Cases 28, 29. B. L. and M. D. were both 
treated at the age of three years. Notes on 
each indicated that the respiratory obstruction 
was out of proportion to the amount of thymus 
shadows on the roentgenograms. Both died sud- 
denly in their fourth year. 

Case 30. F. R. died of pneumonia suddenly 
at fourteen months. In the three and a half pre- 
vious months he had received 487 r with no ef- 
fect on his dyspnea. He was said always to have 
been “‘delicate.”’ 
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Anthony. It is to be expected that the cases 
of allergy would be more numerous in a 
study such as this. 

The exact function of the thymus re- 
mains unsettled. Whether or not the rapid 
nuclear disintegration of lymphocytes pro- 
duced by irradiation has any specific effect 
on growth has yet to be determined. As 
the result of this preliminary study it may 
tentatively be concluded that thymic ir- 
radiation in infants and young children 
does not produce retardation of physical 
growth or mental development. 

Because of the meager data and small 
number of cases studied, this communica- 


Taste II 
Age When No. of ai | fas 
Case| Name | Sex Treatment /|Total r| Treat- | Present | Subsequent 
| | | Began (Mo.) | ments | , ; | Age History 
23] J.P. M | 6 800 2 1 mo 13 yr. ‘Physical and men- 
| | mo | tal retardation 
ni 4. & F 19 487 3 | I mo 17 yr. \Birth injury 
25} H.U.| F | 22 1 ,600 4 3} mo Died 33 yr. |Congenital defect 
26 | R. P. M | 3 975 6 5 mo Died 73 yr. |Defective 
27 B. S. M | 2 650 4 14 mo Died g yr. |Premature; con- 
genital defect 
28 k 36 4 mo Died 33 yr. |Sudden death 
29 | M.D.| F 36 487 3 | mo Died 3 yr. |Sudden death 
30 | ER. M 10 487 3 | 3 mo, Died 14 mo. |Pneumonia 
31 | G. M. | M 36 325 2 | 1 wk. Died Acute leukemia 2 
| | | wk. later 


Case 31. G. M. died at three years of 
acute leukemia two weeks after receiving 325 r 
over a period cf seven days. 

Thus, while the incidence of mental de- 
ficiency in this group of 31 is large—namely 
5, or 16 per cent—in every case there is evi- 
dence that the deficiency or cause for such 
deficiency antedated the treatment given 
for supposedly enlarged thymus. 

A significant positive finding is the fre- 
quent occurrence of asthma, asthmatic 
bronchitis, or hay fever. Six, or 22 per cent, 
of the cases were thus affected, whereas 
the incidence of allergy in the general 
population is 7 per cent. The association 
of allergy with symptoms of “thymic 
asthma”’ and enlargement of the thymus 


has been well studied by Waldbott and 


tion can in no way be considered other 
than a preliminary report. Another five 
years’ observation, including a larger num- 
ber of cases may suffice to give a more con- 
clusive answer, and give information con- 
cerning sexual maturity and subsequent 
fertility. The reason for presenting this re- 
port at present may be found in the differ- 
ences of opinion now extant concerning the 
possible harmful after-effects of thymus ir- 
radiation in the infant and young child. 


SUMMARY 


1. A follow-up study is presented of sub- 
sequent development in 31 out of §5 in- 
fants given thymus irradiation prior to 
1924. 

2. The tentative conclusion is that thy- 
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mic irradiation produces no retardation of 
physical growth or mental development. 

3. There is need for further study of 
these and other cases. 


DISCUSSION 

Dr. Leonarp G. Rownrree, Philadelphia. 
| wish first to express my appreciation to Dr. 
Rose and Dr. Polk for the privilege of dis- 
cussing their very important communication. 
Their findings would seem to indicate that, 
generally speaking, no untoward late effects 
follow irradiation of the thymus in the new- 
born. 

Admitting in general the harmlessness of ir- 
radiation of the thymus in the vast majority of 
instances, we still have a great responsibility 
in explaining retardation, mental or physical, 
in a considerable proportion of cases treated. 
Either we are treating defectives or producing 
them. 

My own interest in the subject was incited by 
seeing 2 patients within two weeks with marked 
retardation in bodily growth and mental de- 
velopment with a history of irradiation to the 
thymus in the early days of life. After seeing the 
second case I called up my old friend, the late 
Dr. Fife, one of the leading pediatricians of 
Philadelphia, who said in reply, “I have never 
seen any harm from irradiation of the thymus.” 
Then he stopped and said, “‘Perhaps that is not 
quite true because I do recall two cases off 
hand, and, now that you mention it, one or two 
other cases come to mind where the children 
are not quite normal.” In fairness I must say 
that he added, “I do not know whether irradia- 
tion of the thymus had anything to do with 
this retardation.” 

During the last year in my own office I have 
seen 5 such cases; one probably represents birth 
injury; for the other 4 no adequate cause other 
than irradiation of the thymus could be located. 
| have in my hand a letter received yesterday 
in which the parents state that it was after 
“she had received radiation that she retarded.” 
Two of these cases are already on replacement 
therapy. In all, some 15 cases have been called 
to my attention either by letter or by word of 
mouth of some physician. The medical director 
of one institution for feebleminded girls told 
me that she had 4 such children in her institu- 
tion and asked if they could be given replace- 
ment therapy. 

So long as the thymus is regarded as func- 
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tionless, naturally its destruction would not 
seem to be a matter of great concern. Recent 
evidence, however, suggests that the thymus 
gland plays an important rdéle relative to the 
rate of growth and development of the young. 

Recent studies of the weight of the thymus 
gland would seem to indicate a close relation- 
ship between the size of the gland and the rate 
of growth of the body. Curves constructed by 
Dr. Lansbury in this Institute show a parallel- 
ism between the increase in the weight of the 
thymus and the increase in bodily growth dur- 
ing the early years of life. Although the normal 
weight of the thymus is very variable, there is 
reasonable agreement among students of the 
subject except as to the weight at birth. This 
may be as low as g grams (Klose), and as high 
as 21 grams (British Thymicolymphaticus 
Committee). 

Careful autopsy studies abroad by Hammar, 
Bratton, Greenwood and Wood, and Young 
and Turnbull of the British Commission, in 
this country by Garland, Epstein, Farber and 
Mahoney, although involving thousands of 
cases, afford no evidence that status thymico- 
lymphaticus has any existence as a pathological 
entity. One of your own number, E. Boyd, in 
1930, stated that on the basis of roentgen 
studies the largest thymus glands appear to be 
found in the healthiest children. 

In our own work with the injection of thymus 
extract, we have produced a pathological pic- 
ture somewhat suggestive of that said to char- 
acterize status thymicolymphaticus, namely, a 
large thymus, a small adrenal, and hypertrophy 
of the lymphoid tissue throughout the body. In 
our animals, however, we have seen no evi- 
dence of the clinical manifestations, that is the 
dramatic, sudden death, which is said to char- 
acterize status thymicoymphaticus. 

In experiments involving several thousands 
of rats, carried on over a period of two and a 
half years, we have found that the administra- 
tion of thymus extract (Hanson) to succeeding 
generations of parents results in accruing ac- 
celeration in the rate of growth and develop- 
ment in their young. In the fifth or sixth gen- 
eration, the young at five days are in every 
respect comparable with normal animals of 
fifteen to twenty days. Likewise the removal 
of the thymus in succeeding generations of rats 
leads to retardation in their rate of growth, as 
reflected in the weight curve. This retardation 
can be overcome in such animals through the 
administration of thymus extract. 
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In view of these recent biological and patho- 
logical studies a reconsideration of the whole 
problem of the thymus gland in health and 
disease would seem imperative on the part of 
both the clinician and the radiologist. We are 
unwittingly either treating thymus glands in 
infancy of potential defectives, dwarfs, morons 
and idiots, or we are producing retardation in 
growth and development by this procedure. A 
committee of your organization working in 
conjunction with the pediatricians could ma- 
terially further progress in this field. 

Dr. Eucene P. Penpercrass, Philadelphia. 
| think we should be extremely indebted to 
Dr. Rose and Dr. Rowntree for coming and 
discussing this subject with us today. 

There is one point I would like to emphasize, 
and that is that I am sure I have treated men- 
tal defectives with a clinical diagnosis of thymic 
enlargement. I have in mind a patient of Dr. 
Kife’s, a patient who had dyspnea, was slightly 
blue and had convulsive seizures. We made an 
examination of this child and we thought that 
the thymus was not enlarged and so reported, 
but in view of symptoms that could not be con- 
trolled by medical measures, we were prevailed 
upon to give thymic irradiation, and of course 
the roentgen treatment did not benefit the pa- 


tient. | am sure that every radiologist has had 
similar experiences. Could it not be possible 
that Dr. Rowntree may be referring to this 
type of patient as having been harmed by ir- 
radiation? I agree that the dose of roentgen 
rays in thymic cases should be very small, and 
I think the warning that Dr. Rowntree has 
sounded is a good one, but I cannot believe that 
the possibilities for doing damage are as great 
as he suggests. 

At the meeting of the Section on Radiology 
of the American Medical Association in June, 
several radiologists said that they were treating 
hundreds of cases of thymic enlargement at 
the present time. In the past, we have treated 
a number of babies clinically diagnosed as en- 
larged thymus, but since we have tried to 
establish criteria for making the diagnosis by 
roentgenologic means, the diagnosis of enlarged 
thymus is made only occasionally. There are 
any number of things that will cause high ob- 
struction that are not due to thymic enlarge- 
ment. Birth injuries, Little’s disease and a num- 
ber of anomalies around the larynx and epi- 
glottis will give symptoms of thymic enlarge- 
ment. This has been a most interesting subject 
to me and I again want to express my apprecia- 
tion to these doctors for speaking to us. 


| 
| 
| 
| 


RADIATION SICKNESS 
ITS POSSIBLE CAUSE AND PREVENTION* 


By HARRY F. 


FRIEDMAN, M.D., and PHILIP DRINKER, S.B., Cu.E. 


BOSTON, MASSACHUSETTS 


ADIATION sickness is produced at the 

time of or shortly following irradia- 
tion to the body by roentgen rays, and is 
characterized by nausea, vomiting, and 
symptoms of general malaise. The symp- 
toms are dependent upon the organs irra- 
diated, and are proportional to the length 
of the treatment and the size of the field. 
It is as old as the use of roentgen rays and 
has been the subject of much study and 
empirical treatment. One acquainted with 
the roentgen literature knows of the mani- 
fold articles written on the subject and the 
numerous medications used for its relief. 

We wish to report the results of our 
study which has-covered a period of some 
four months, and from which we believe we 
have devised a method whereby almost 
complete prevention of radiation sickness 
can be obtained. We, as other radiation 
therapists, had run the gamut of thera- 
peutic agents in the hope of alleviating the 
distressing symptoms following radiation 
therapy——symptoms which in some cases 
are so severe as to militate against its use. 
With the advent of protracted roentgen 
treatments, doses given daily or twice daily 
from twenty to forty days, radiation sick- 
ness became a serious matter, and in many 
cases it was necessary to discontinue treat- 
ment. 

Radiation sickness has long been thought 
to be associated with bad ventilation. The 
breathing in of ozone and nitrous gases has 
been held by many to be a predisposing 
cause. We have always felt that our pa- 
tients were sicker following irradiation in 
a poorly ventilated room, and we have 
provided proper ventilation, but without 
results. Our treatment rooms have a con- 
siderable amount of high voltage overhead 
from which corona and brush discharges 
are unavoidable. 


One of us (H.F.F.) became interested in 
the possibility of an extraneous factor other 
than ozone orother gases. Dessauer® showed 
that individuals kept in a room of high 
positive concentration of ions developed 
symptoms which were similar to those of 
radiation sickness. He found that these 
same individuals did not have these symp- 
toms in a high concentration of negative 
ions, but, on the contrary, were made to 
feel greatly exhilarated. His experiments 
were never duplicated by others. Yaglou® 
has kept himself in a room of high positive 
ion concentration for twenty-four hours 
without producing symptoms. 

Our first step in the determination of an 
extraneous factor was, of course, to deter- 
mine the ion concentration of our treat- 
ment rooms and the quantity and quality 
of the gases present. This was determined 
quantitatively and qualitatively by one of 
us (P.D.). These experiments showed a 
high concentration of ions with the posi- 
tive ions predominating and traces of ozone 
and nitrous gases. These experiments will 
be given in detail, and from them it was 
obvious that the probability of any one or 
all of them being a cause of radiation sick- 
ness could be easily determined. 

dir Analysis. The sampling apparatus 
is shown diagrammatically in Figure 1. 
It is similar to equipment in routine use in 
gas sampling and is run at 3 liters per 
minute. It consists essentially of a bubbler, 
a flow meter to indicate the sampling rate, 
and a suction pump which runs from the 
lighting circuit. 

Before air samples were taken for 
analyses, the roentgen tubes were run for 
at least twenty minutes and the room was 
kept shut without ventilation. The high 
voltage circuit was then shut off; the 
apparatus set up approximately 6 feet from 


* From the Tumor Clinic and the Department of Roentgenology, Division of Therapy, Beth Israel Hospital and the School of 


Public Health of Harvard University, Boston. 
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the roentgen tubes. A large desk-type 
oscillating fan was placed in such a way 
that the air within the room was kept well 
mixed at all times. Then the gas sampling 
apparatus was started, the roentgen tubes 
were put into operation and run for twenty 
minutes. 

In sampling for ozone, the bubbler con- 
tained potassium iodide solution with some 
freshly prepared starch solution and just 
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Fic. 1. Bubbler used for determining ozone and 
nitrogen oxides, 
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enough iodine to give a decided blue color. 
This color was not completely dispelled in 
twenty minutes; that is, 60 liters of air 
from the room did not furnish enough 
ozone to change the color of a sensitive test 
solution or absorbent.! 

Ozone is used industrially for steriliza- 
tion of water and removal of stenches in 
air. It is commonly determined in ventila- 
tion work by exposing a moistened starch- 
iodide paper, and concentrations are esti 
mated by the length of time required to 
change the color of the test paper to that 
of calibrated standard paper. In our case, 
this test confirmed the chemical determi- 
nations, giving a doubtful, if any, indica- 
tion of ozone.! 

Nitrogen peroxide also reacts with 
starch-iodide paper, but it can be distin- 
guished from ozone by the nitrite and 
nitrate reactions commonly used in water 
analyses.! Mr. E. W. Moore of the Depart- 
ment of Sanitary Engineering of Harvard 
University made such determinations for 
us from bubbler samples which we took. 
Again the results were negative. 
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lon Content. Our colleague, Professor C. 
P. Yaglou, made these determinations, 
using the counter which has been described 
by him in detail? (Fig. 2). The counter was 
set up in the deep therapy room about 6 feet 
from the tubes which had been in constant 
operation up to the time of the experiment. 
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Kic. 2. lon counter (courtesy of the American 
Society of Heating and Ventilating Engineers). 


The room was closed as for the other 
analyses, the readings were taken by 
Yaglou and one of us (P.D.) within the 
five minute period required to take them. 
Again, air circulation was provided by a 
large desk-type oscillating fan, thus assur- 
ing the taking of representative air 
samples. The results were as follows: 


CONCENTRATION OF IONS 6 FEET FROM ROENTGEN 
TUBES 
Mobility of ions 
in cm /sec/volt/cm. Positive Negative 
(per c.c. of air) 
Greater than 1 .00 1.2 1.0 X10 
Greater than 0.07 1.7 X108 1.4 X10 


The ion counter used does not catch ions 
with mobilities less than 0.07, although it 
could be modified to do so. Judging from 
other experiments in Yaglou’s laboratory, 
there were roughly 0.4X1I0° positive ions 
per c.c. and 0.3X10° negative ions with 
mobilities between 0.07 and 0.0005. If 
this were true, the total number of ions 
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(small, intermediate, and large) at the 
sampling point would be: 


Mobility 


Positive Negative 


Greater than 0.0005 


From laboratory experiments the prod- 
able concentration at the patient’s head is 
roughly estimated as follows: 


Mobility Positive Negative 
Greater than I 1.7X10 1.5 X10 


Greater than 0.07 2.5 X10’ 2.1 


The small ion content of normal air 
varies from 200 to 400 per c.c. so that the 
ion count in the therapy room was vastly 
in excess of the normal.'!° Having deter- 
mined that the ion count of the deep ther- 
apy room was high, a patient, A.R., who 
invariably had nausea and vomiting follow- 
ing irradiation, was exposed to ions of the 
same kind and of approximately the same 
concentration at the School of Public 
Health of Harvard University by means of 
a conventional ionizing apparatus. Two 
exposures on two consecutive days, each 
lasting about an hour, did not produce 
radiation sickness. 

Inconclusive or negative results with 
small or large ions have been reported in 
previous physiologic studies by Yaglou and 
associates,’ Herrington? and Edstrém,' 
using largely normal subjects. On the other 
hand, Dessauer,® Strasburger and Lam- 
pert’? and Tchijevsky® claimed to have 
obtained demonstrable effects, particu- 
larly in clinical patients. 

On the following two days the patient 
was exposed to ions and ozone simultane- 
ously so as to simulate conditions in the 
deep therapy room but without the radia- 
tion factor. The results were likewise nega- 
tive. The only subjective sensations ex- 
perienced were general relaxation, drowsi- 
ness, and flushing of the face which were 
concomitant with a fall in the pulse rate. 
After the second day the patient com- 
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plained of a relapse of “stomach ache” 
which grew progressively worse owing to 
the suspension of radiation treatments. 

At this time the same patient was placed 
in a room with a high voltage machine in 
operation using the identical factors used 
in giving a treatment; the “intensity” of 
the beam was 2.75 r/min. in air at 69 cm. 
The patient, however, was placed 3 feet to 
the side of the beam, the “‘intensity”’ of the 
beam directly in front of the patient was 
of the order of 0.016 r/min. The room ven- 
tilating fan was operating. The patient was 
kept in position for the usual time of the 
treatment, which was thirty-six minutes. 
No roentgen sickness developed. On the 
following day the same procedure was re- 
peated, but with the room closed tightly 
and without the ventilating fan. As before, 
no roentgen sickness developed. 

These experiments suggest that roent- 
gen sickness is the result of a combined 
effect of an extraneous factor breathed in 
by the patient plus the effect of the irra- 
diation upon the body. It is obvious that 
one without the other will not produce 
true roentgen sickness, using roentgen rays 
to the body in the usual therapeutic doses. 

Our next experiment consisted of treat- 
ing a patient who was wearing a simple 
type of mask, one that was known to ab- 
sorb ozone and other gases. The principal 
ingredient of masks used for absorbing 
low concentrations of such substances as 
ozone and organic vapors is activated 
charcoal in granules about } inch in size. 
Furthermore, activated charcoal retains 
low concentrations of nitrogen peroxide 
and is a good de-ionizer. 

A commercial make of chemical cartridge 
respirator* (Fig. 3, a and 4) with a char- 
coal cartridge was furnished to one pa- 
tient and gave her immediate relief. At 
first we thought the results were due to ad- 
sorption of a gas by the charcoal, but 
when chemical analyses showed no gases 
which could conceivably be the cause of 
the trouble, it seemed likely that the char- 
coal acted merely as a de-ionizer. 


* Made by Willson Products, Inc., Reading, Pennsylvania. 
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Kic. 3, a and 4. Chemical cartridge respirator applied 
to patient. 


The cartridge containing charcoal was 
replaced by wire cloth of a very fine mesh 
(Fig. 4, @ and 4) which was inserted at 
the entrance to the mask and grounded. 
This device was found to be just as satis- 
factory as the mask with charcoal. 

This patient who had been violently ill 
with nausea and vomiting two to four 
hours following her previous treatments 
was found to be free of symptoms follow- 
ing the use of the mask. Consequently, we 


began to use the mask on all patients who 
had experienced any sickness whatsoever, 
and these too were completely relieved. 
One patient was not benefited, and this 
was determined to be purely a_ psychic 
etfect. She developed nausea and vomiting 
on entering the roentgen room before any 
treatment was administered, and on several 
occasions on entering the outpatient de- 
partment, two stories below the x-ray suite. 


b 


Fic. 4, a and 4. Respirator with wire cloth in place of 
charcoal cartridge inserted at the entrance of the 


mask and grounded. 
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RESULTS OF TREATMENT WITH RESPIRATOR 
Irradiation Roentgen Sickness 
Result os 
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Another case refused the mask because of 
her alleged inability to breathe freely with 
the mask in position. This was before our 
use of the wire cloth. All other patients 
accepted the mask gladly. 


riG. S. 


Wire cloth hood completely covering the 


head and neck and grounded. 


Experiment 2 (Patient A. R.). The char- 
coal filter of the mask was removed and 
treatment given in a ventilated room. 
Following the fourth treatment, on the 


second day, the patient became nauseated 
and vomited. The patient was treated 
in a similar manner with no ventilation, 
and roentgen sickness developed after the 
second treatment. The identical treatments 
were given to the patient while she was 
furnished with the wire cloth mask—both 
with and without ventilation—and no 
radiation sickness developed. This experi- 
ment showed the obvious effect of the 
breathing in of a high concentration of ions. 
To be sure of this effect, a hood of wire 
cloth (Fig. 5) of the same fine mesh was 
made to cover completely the head and 
neck of the patient and draped closely to 
the chest. The hood was grounded and 
treatments given with and without venti- 
lation. No radiation sickness developed. A 
number of patients out of the group were 
subjected to similar tests with identical 
results. 

Of these three arrangements, the mask 
with the rubber face piece and wire cloth 
is the simplest and cheapest. The face 
piece can be wiped off with alcohol or 


washed and immediately re-used. It is 
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advisable to use a face piece with both 
inhalation and exhalation valves as then 
there is no re-breathing. Face pieces with- 
out valves are cheaper but less comfortable 
because they allow re-breathing. The effect 
of re-breathing is to fog up the inside of the 
face piece and thus collect an unpleasant 
amount of moisture. 

Experiment 3. That the charge picked up 
by the patient from the overhead (amount- 
ing to a few thousand volts positive charge) 
is not a contributing factor to radiation 
sickness was shown by the following ex- 
periment: A copper wristlet encasing gauze 
soaked in normal saline was placed around 
the patient’s wrist and grounded. Irradia- 
tion of the patient was followed by violent 
nausea and vomiting in a few hours. 

Our experiments would tend to show 
that of the air factor only ions enter into 
the production of radiation sickness. These 
in high concentration plus roentgen irra- 
diation to the body are necessary for the 
production of true radiation sickness. The 
factor of gases has been eliminated. 

CONCLUSIONS 

A method has been devised for the 
relief of radiation sickness which has 
proved helpful in 24 patients who received 
437 high voltage roentgen treatments. This 
method consists of a mask or dust respira- 
tor face piece to which is attached either a 
small cartridge containing activated char- 
coal or a circular disk of fine mesh wire 


cloth suitably grounded. This device is 


inexpensive and easily tolerated by the 
patient. It was effective in 92 per cent of 
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the cases. It is hoped that other clinics will 
test this method on a larger group of cases 
who develop radiation sickness. 


We are indebted to Dr. Egon Lorenz, consulting 
physicist to the Beth Israel Hospital, for his many 
suggestions. 
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THE CAUSES OF ROENTGEN-RAY DERMATITIS 
AMONG PHYSICIANS 


By EUGENE T. LEDDY, M.D. 


Section on Therapeutic Radiology, The A lavo Clinic 
ROCHESTER, MINNESOTA 


ETWEEN the years i919 and 1923, 

seven physicians came to The Mayo 
Clinic for advice about or for treatment 
for roentgen-ray dermatitis. Between the 
years 1924 and 1928, thirteen physicians 
came for the same reason. From 1929 to 
1934, thirty-five physicians came to The 
Clinic for consideration of injuries result 
ing from roentgen rays. The experience 
of these 55 physicians is the basis of this 
report. 

Obviously it is impossible to ascertain 
from this group the incidence of roentgen- 
ray dermatitis among physicians, nor can 
one tell in what proportion of physicians 
such injuries develop nor whether the fre- 
quency with which roentgen-ray dermatitis 
occurs among physicians is increasing or 
not. In this study I was not interested in 
the clinical aspects or in the diagnosis or 
treatment of lesions of this kind; my only 
interest was to find out some of the causes 
of this variety of injury. 

I have regarded as roentgen-ray derma- 
titis any skin injury manifesting itself as 
severe telangiectasis, keratosis, ulceration 
(acute or chronic) or epithelioma, alone or 
in combination. It is true that there are 
other dermatologic lesions, such as eryth- 
ema, fissured nails, rough skin, atrophy of 
the fat pad, hang nails and so on, which 
often are the sequelae of excessive exposure 
to roentgen rays. But as these lesions may 
also arise from other causes, such as for 
example the chemicals used in developing 
films or those used in the surgical prepara- 
tion of the hands, I have excluded from 
this study physicians with these early 
changes. It is logical to accept the conclu- 
sion of these physicians that their injury 
was due to roentgen rays. 

Of this group of 55 physicians, 8 had 
been injured while undergoing roentgen 


treatment. The lesions for which such 
treatment had been given were exclusively 
benign dermatoses, such as eczema, psoria- 
sis, acne, or pruritus. One of these physi- 
cians had been treated by a radiologist for 
a benign condition, but on the doctor’s 
insistence because of the benefit derived 
the radiologist had been induced to repeat 
the treatment many times and an 
injury had resulted. One other physician 
prescribed his own treatment: He asked 
his office girl to give him “‘a good strong 
dose.” She did. An ulcer resulted. The 6 
other physicians in this group were treated 
by some doctor who had a roentgen-ray 
machine and “‘did x-ray work.”’ In only one 
case was treatment given by a radiologist 
or by a dermatologist. 

One physician’s injury was from han- 
dling radium. From the clinical history it 
is not clear whether this injury resulted 
through accident or carelessness. Another 
physician sustained a severe, acute reac- 
tion during an experimental determination 
of dosage. In this instance the protecting 
lead-rubber used in outlining the fields on 
the forearm slipped, and excessive irradia- 
tion of the fields resulted. 

In not a single instance did injury affect 
the face or eyes. 

Eighteen of the 55 physicians considered 
in this report had epithelioma, and in 
every case the neoplasm developed at the 
site of the radiation injury. There were 
also 1§ benign acute or chronic ulcers, 
without evidence of malignancy. All the 
physicians with benign or malignant ulcers 
also had other evidences of excessive expo- 
sure to roentgen rays such as telangiectasis 
and keratosis. 

Aside from the 10 physicians who suf- 
fered injuries while undergoing roentgen 
treatment, the other 45 sustained injury 
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from using the roentgenoscope in their 
practice. Almost always this consisted in 
reducing fractures or removing metallic 
foreign bodies under roentgenoscopic con- 
trol. A few physicians had used the roent- 
genoscope in examining the chest in tuber- 
culosis surveys or had sustained their in- 
juries while conducting gastrointestinal 
roentgenoscopic examinations. Of these 45 
physicians, 44 were not radiologists.* The 
only radiologist who was injured had been 
a pioneer in the work, and at the time he 
was subjected to excessive irradiation the 
possibility of injury therefrom had not been 
considered. 

It is shocking, although hardly surpris- 
ing, that out of a total of 45 physicians 
who were injured by using their own roent- 
ray machines 44 were not radiologists. 
As has been stated, they were either sur- 
geons who used roentgen rays in their 
work or general practitioners who used the 
roentgenoscope to facilitate the diagnostic 
examination of patients. It might be added 
parenthetically, that another report bear- 
ing on the causes of roentgen-ray derma- 
titis among patients will be made later. 

The number of exposures received by 
these physicians and the time when injuries 
due to irradiation by roentgen rays mani- 
fested themselves varied greatly. One 
physician, for example, sustained a severe 
ulceration of the hand from a single expo- 
sure during roentgenoscopic examination; 
others had used roentgen rays for years, 
and the injury for which they came to The 
Clinic appeared after the use of the roent- 
genoscope for as long, in one case, as 
twenty-five vears. 

All the physicians who were injured in 
this way sustained injury to the dorsal 
aspect of the fingers and hands but not, 
as has been said, to their face or eyes. 
When more than one finger was injured, 
the index finger (and usually the left one) 
was the mest severely involved. In not a 
single instance was the palm injured. Curi- 


* Some, however, had done roentgenoscopy since the early days. 
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ously, several physicians who had sustained 
injury to one hand proceeded to use the 
other in the roentgenoscopic study of pa- 
tients. 

In this group of 45 physicians, who were 
injured from using the roentgenoscope in 
their practice, not one regularly wore 
lead-rubber gloves during most of his 
examinations. Some wore operating gloves, 
but most of them used lead-rubber gloves 
only after signs of injury had already 
appeared. 

It may seem paradoxical, but many of 
these physicians at first assigned their 
injury to other causes, such as, for example, 
hypersensitivity to soap or disinfectants 
used in sterilizing the hands before opera- 
tions. Others thought themselves allergic 
to something. Three treated the site of 
injury with ultraviolet rays; 5 used roent- 
gen rays or radium in the treatment of 
their injuries. 

In not a single instance did an injury 
from roentgen rays appear after a latent 
period during which the skin was appar- 
ently normal. The usual train of events 
was that, during roentgenoscopy, the 
physician had sustained an erythema reac- 
tion, and when this reaction had subsided, 
roentgenoscopy was resumed with greater 
caution, so that repeated mild doses were 
administered to an already damaged skin. 
Some trauma then precipitated ulceration. 
Ulceration having occurred, the physician 
either gave up roentgenoscopic work or 
else began to wear lead-rubber gloves. 

Whether or not, because of the frequent 
scrubbing they receive, the hands of a 
surgeon are more sensitive to roentgen rays 
is an interesting field for speculation. 

Krom the evidence presented one may 
conclude that the causes of roentgen-ray 
dermatitis among physicians are two: (1) 
the use of the roentgenoscope without pro- 
tection for the hands, and (2) the use of 
roentgen rays by those whose roentgeno- 
logic training is deficient. 
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OSTEOPOIKILOSIS 
A FIVE YEAR STUDY 


By LELAND E. 


HOLLY, M.D. 


MUSKEGON, MICHIGAN 


I WISH to present four cases of osteopoi- 
kilosis: in a mother, two sons, and a 
daughter. The mother, daughter and one 
son were followed for five years. The 
other son was sent to camp and could 
not be checked in December, 1934. The 
first case of this anomaly was described by 
Albers-Schénberg in 1915. Since that time 
some 22 cases have been observed by vari- 
ous authors. Two reports in 1932, Wilcox, 
in April, and Svab, in September, mention 
the hereditary character of this anomaly. 
These two reports cover the literature very 
thoroughly. Wilcox reports 2 cases, in a 
father and son, both showing the typical 
islands of condensation with the distribu- 
tion mentioned by Moreau. Svab exam- 
ined a father, aged fifty-four, and his 
two sons, twenty-seven and twenty-eight 
years of age. The three presented the typi- 
cal picture of osteopoikilosis with the usual 
distribution. All the near relatives, includ- 
ing a daughter, two and one-half years old, 
were examined without any evidence of 
the anomaly being found. To account for 
the absence of spots in the daughter, the 
author suggests the possibility of this con- 
dition not being present at such an early 
age. We believe this quite possible. His 3 
cases all had diabetes. In the father of the 
3 cases, presented by Svab, there was pres- 
ent a dermatofibrosis lenticularis dissemi- 
nata. This process is also mentioned by 
Buschke and Ollendorff and by Windholz 
as being present in their cases of osteopoi- 
kilosis. These patients were all over forty 
years of age. It is thought by the authors 
that there is an associated constitutional 
basis for these two conditions. Voorhoeve 
mentions the hereditary nature of a condi- 
tion which he calls osteopoicilia, in a father 
and two children. We are of the opinion 
that his cases are not osteopoicilia, but 
rather, as he suggests, a dyschondroplasia 


presenting peculiar ray-like condensations 
in the skeleton and associated multiple 
exostoses. Newcomet in 1929 reported a 
case in an adult which he followed for four 
years without demonstrable change in the 
islands of condensation. 

Nichols and Shiflett, in 1934, reported 
a case, female, aged thirty-five, whom 
they had followed for seven years. This 
patient was first roentgenographed in 1916 
and at that time numerous disseminated 
areas of increased density were noted in 
the long bones. In addition, areas of corti- 
cal thickening and exostosis were seen. 
These findings were not available for com- 
parison. In 1926, 1930, and 1932 roentgeno- 
grams were taken of the same bones. No 
change was noted in the areas of condensa- 
tion during this seven-year period. 

The 4 cases which are reported here were 
first seen in December, 1929. I, at that 
time, noted the hereditary character of the 
anomaly. However, in the two younger 
children, the areas were considerably 
smaller. It was felt advisable to study these 
cases further for changes in size, shape, and 
location of the islands of condensation. Ac- 
cordingly, examinations were again made 
in 1931 and 1932. In 1933, the family was 
lost track of and not located until Decem- 
ber, 1934, at which time the last series of 
roentgenograms was made. There is evi- 
dence of a definite change in these islands 
of condensation. Some entirely disappear, 
while, on the other hand, many of the origi- 
nal lesions, particularly in the children, 
enlarge. New areas appear where none 
existed originally. These findings can be 
explained on the basis of Schmorl’s find- 
ings. In 1931 he was fortunate enough to 
obtain tissue for microscopic study. He 
found many osteoblasts and osteoclasts in 
these islands of condensation with no rem- 
nants of cartilage. In my 4 cases the skele- 
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tal distribution follows the charts of 
Moreau. 
REPORT OF CASES 
Case 1. B. M., white, female, aged thirty 


two, married, of Krench-German descent: oc- 
cupation, housewife. Admitted to the Out 


patient clinic December, 1g2g, complaining of 
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nodule on the dorsum of the 
left hand over the third metacarpal. This 
nodule appeared about two weeks before en 
trance. kor some time she has had a cough and 


pain in a small 


kKic. 1. Case 1. Original roentgenogram of left hand. 
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Fic. 2. Case 1. Left foot, 1629. 


an occasional pain in the chest. She raises con- 
siderable sputum but believes it comes from 
the nose. There is some shortness of breath 
upon exertion. Complains of pains in joints of 
left hand and wrist. Occasional headaches be- 
tween the eyes, inability to breathe through the 
nose well, and some deafness in the right ear 
for the last two years. The menstrual history is 
negative. The patient was married fifteen years 
ago; she has three living children; two self-in- 
duced abortions and one miscarriage following 
an operation for tumor of the ovary. Her mental 
condition is good; her habits good. No change 
in weight. Her mother and father are living 
and well. Four brothers living and well. One 
brother died of pneumonia. Seven sisters living 
and well; two died when babies, cause un- 
known. No history of cancer, epilepsy, or bone 
disease in the family. Patient believes her 
maternal grandmother, grandfather, two aunts 
and one uncle died of tuberculosis. 

laboratory examination of blood and urine 


Kic. 3. Case 1. Left foot, 1934. 
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Kic. 4. Case 1. Right hand, 1929. 


on two different occasions, January, 1g31, and 


normal. In Table 1, the blood uric acid, calcium, 
phosphorus and Kahn tests are given for the 


. Case 1. Left hand, 1929. 


Physical examination shows a marked dry- 
ness and redness of the pharynx with scattered 
patches of blood-streaked mucus. The tonsils 
are small and inflamed. A few cervical glands 
are palpable on the right. The remainder of the 
physical examination is essentially negative 
except for local findings. There is no evidence 
of skin disease. On the dorsum of the left hand 
is a small swelling about the size of a pea. This 
is apparently attached to the tendon sheath 
and is distinctly tender on pressure. Roentgen 


» 


ic. 6. Case 1. Right and left hands, 1934. 


examination shows no relation between nodule 
on the dorsum of the hand and the meta- 
carpals. Diagnosis: Ganglion. 

Sunimary of roentgenographic findings 1929, 
1932, and 1934: 

Hand—Wrist: Loss of areas of condensation. 
Kusion of two or more areas into one in the 
radius and fifth metacarpal of the left hand. 

lbow—-Shoulder: Lesions coalesce and be 
come smaller in the elbow. Few disappear. 
There is little change in the shoulder. 

Koot-—-Ankle: Many areas are lost. A large 
lenticulate area and several tiny spots in the 
os peroneum of the left foot are now absent 
(Figs. 2 and 3). Some of the larger spots are 
fading. A few new areas appear in the proximal 
phalanx of the left great toe. In the first meta 
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carpal several coalesce to form a single, irregu- 
lar mass. Many disappear. 

Knee —Hip: Little change in the knee. Three 
areas in the right patella disappear. Many dis- 
appear in the bony structures about the hip 
joints. 


Case tt. C. M., white, male, aged twelve, son 
of Case 1. No complaints. Was roentgeno- 
graphed because of the condition found in the 
mother’s bones. An examination was made at 
the tuberculosis sanatorium one year agoand 


Kic. 7. Case 11. Pelvis, 1929. 


“spots” found on the lungs. This boy is 6 
pounds underweight. No cough, no complaints, 
except poor appetite. Roentgenograms of the 
chest showed no evidence of lung disease. 

Summary of skeletal roentgenograms 1929, 
1931, 1932, and 1934. 

Hand—-Wrist: Many new areas appear in the 
phalanges, metacarpals, carpals, and the lower 
end of each radius and ulna. The earlier lesions 
enlarge. Two small areas in the base of the 
fifth metacarpal of the right hand disappear 
and several others become less distinct (Figs. 
4, 5 and 6). 

Elbow-—-Shoulder: Discrete nodules in the 
head of the right radius fuse into a single V- 
shaped mass with the apex pointing upward. 
Those in the ulna fuse into single masses of 
larger size. New areas appear and older lesions 
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ic. 8. Case u. Pelvis, 1934. 


enlarge in the left elbow and both shoulders. 
Two new areas appear in the left clavicle. 

Foot—-Ankle: Many new appear and old en- 
large in the tibiae, the tarsal bones, the heads 
of the metatarsals, and in the phalanges. Some 
begin as round masses and elongate becoming 
lenticular. 

Knee—Hip: Many new appear in the epiph- 
vsis for the lower end of the femur and the 


kKic. g. Case 1. Right hand, 1929. 
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>. Case m1. Left hand, 1929. 


upper end of the tibia in the left knee. Those in 
the diaphysis are less distinct and elongated. 
In the pelvis, new areas develop and older le- 
sions enlarge. Many coalesce to form single, 
large masses (Figs. 7 and 8). 

Case ut. M. M., white, female, aged nine, 
daughter of Case 1. No complaints. Was roent- 
genographed because of the condition found in 
the mother’s bones. This child was examined 
for tuberculosis but no positive findings were 
obtained. No pathology was found upon physi- 
cal examination except the congenital deformi- 
ties as noted below. 

Summary of the skeletal roentgenograms 
1929, 1931, 1932, and 1934. 

Hand—Wrist: Only a few areas present 
originally. Many new areas develop, particu- 
larly in the bones of the carpus and in the ep- 
iphysis of the radius and ulna. The original le- 
sions definitely enlarge (Figs. g, 10 and 11). 

Elbow—Shoulder: New areas appear and 
the original lesions enlarge at the elbow. There 
is little change about the shoulder joint. 

Foot—Ankle: There is a congenital deform- 
ity of both feet. A toe and corresponding 
cuneiform are suppressed in both feet. In the 
right foot there is a fusion of the astragalus, os 
calcis, scaphoid and cuboid. The left foot shows 
a fusion of the astragalus and scaphoid. 

New areas appear in the diaphysis and ep 
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iphysis of the tibia and fibula. Also new islands 
appear in the bones of the feet and many of the 
original areas enlarge. 

Knee 
there are no islands of condensation present 
about the knee joints. In later examinations 
several appear. The areas in the pelvis, lumbar 
spine and the upper ends of both femora en- 
large. 


Hip: In the original roentgenograms, 


Case iv. W. M., white, male, aged fourteen, 
son of Case 1. No complaints. Was roentgeno- 
graphed because of the condition found in the 
mother’s bones. This patient was in a tubercu- 
losis sanatorium for observation a year ago. 
No evidences of tuberculosis found. Physical 
examination essentially negative. 

Summary of skeletal roentgenograms, 1929, 
1931, and 1932. 

Hand—Wrist: Only a few areas present on 
the original examination. No new areas de- 
velop; some disappear. 

Elbow—Shoulder: Only two or three areas 
about the elbow joint, which are present but 
less distinct on later films. In the shoulder those 
in the glenoid disappear. A few new ones de- 
velop in the head of the humerus, and the upper 
ends of the diaphyses. 

Foot—Ankle: Only a few areas of condensa- 
areas developing. 


tion in each foot. No new 
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Kicg. 11. Case ur. Right and left hands, 1934. 
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Little change in size or density. In the right 

ankle, a large new area appears in the diaphysis 

of the tibia and the original area enlarges. 
Knee— Hip: In the upper end of the diaphy- 


sis of the right tibia, there is an enlargement of 


the area present originally with elongation and 
fusion of several original masses. Only a few 
present in the left tibia which show some en 
largement. Only a few areas in the pelvis and 
the upper ends of the femora. They have become 
somewhat larger. 

The question of calcium-phosphorus 1m- 
balance was considered in these cases and care- 
ful blood studies were made at two intervals; 
one series in 1931, and a second in 1932. The 
results are tabulated in Table 1. 

The red, white and differential counts were 
all well within normal limits. The urine exam- 
inations were negative 


CONCLUSIONS 

Osteopoikilosis is a familial disease, as 
shown by Wilcox and Svab. 
condensation are not constant. In the 
adult, areas may entirely disappear and 
leave no trace of their previous existence. 
In the child, new areas appear with the 
increase in size of the bones. The lesions 
entirely disappear as the child grows, or 
they may increase in size as the bone de- 

velopment progresses. The changes in the 
rer are distinctly slower than in the 
growing child. There is no great variation 
in the blood uric acid or the calcium- 
phosphorus metabolism. 
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CHOLECYSTIC-COLONIC FISTULA* 


By 3. 


STARTZ, M.!. 


ELMHURST, NEW YORK 


N A recent communication,' Podlasky 

was apparently the second observer to 
report on the roentgenologic diagnosis of a 
case of biliary colic fistula. Although his 
article was profusely illustrated with dia- 
grams, no actual roentgenograms were con- 
tained therein. 


Kic. 1. The barium enema has distended the succes- 
sive portions of colon up to the hepatic flexure and 
then migrates through a small gallbladder into the 
cystic duct, common duct, right and left hepatic 
ducts and into the interlobular ducts. 


In view of the infrequency of this con- 
dition and meagerness in number of cases 
recorded in the literature,’ I wish to report 
the following case of fistulous communica- 
tion between the gallbladder and hepatic 
flexure of colon disclosed as a result of 
roentgenologic study with a barium enema. 

* From the X-Ray Department, Jamaica Hospital, New York. 
' Podlasky, H. B. Biliary colic fistula. Radiology, 1935, 24, 345 
C. ead: 1. The Your Buck of 


Radiology. Year Book Publishers, Inc., Chicago, 1933, pp. 208 


211. 


The patient, Mrs. S. P., aged sixty-two, 
school teacher and housewife, was admitted to 
the hospital on January 8, 1933, for diagnosis. 

Chief Complaint. Diarrhea, having sudden 


Fic. 2. The region of the hepatic area enlarged for 
better visualization. 


onset on August, 19}2, and continuing up to 
time of admission. Stools generally of frothy 
character and color varies from a golden brown 
toa greenish or clay tint. Novomiting orabdom- 
inal distress. She has lost about to Ib. since 
onset of complaint. No history of drinking 
well water or of contact with infectious cases. 

Family History. \rrelevant. 

Past History. She has had usual childhood 
diseases. “Nervous breakdown” at age of 
forty. 

Physical Examination. Well nourished but ill 
appearing individual. Head: No unusual find- 
ings as result of examination of pupils, ears, 
nose and mouth. Neck: Pharynx and larynx 


Sid 


Pet 


appear normal. No adenopathy. No palpable 
thyroid. Chest: No respiratory lag. Vocal and 
tactile fremitus normal throughout. Percussion 
reveals no abnormal areas of dullness. Breath 
and voice sounds normal. Heart not enlarged. 
No murmurs. No arrhythmia. Abdomen: Soft; 
no abnormal masses visible or palpable. Ten- 
derness on deep palpation over gallbladder 
area. Liver and spleen are not palpable. Genito- 
urinary tract not examined. Neuromuscular: 
Reflexes normal. No 
turbances. 
Laboratory 


sensory or motor dis- 
‘y Examination. Urine negative. 
Blood: Red and white cell count within normal 
limits. Blood chemistry, per 100 c.c. of blood: 
mg.; urea N. 11.2 


nitrogen 25.5 


sugar g2. mg.; non-protein 
mg.; creatinin 1.1 mg. Feces: 
No amebae found; no blood; occasional fat 
globules; smear, occasional gram-positive cocci 
and bacilli present. 

Roentgenologic Study. Roentgenoscopic ex- 
amination: The opaque enema is seen to dis- 
tend successive portions of the colon up to the 
hepatic flexure, and after some delay a trace 


lic. 3. Ten minutes later after manipulation. Some 


of the barium has passed into the lower ascending 
colon and cecum. The right and left hepatic ducts 
are no longer visualized. The cystic and common 
ducts and some of the finer intertubular ducts are 
clearly outlined. 


Cholecystic-Colonic Fistula 
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Kic. 4. No barium residue present in the gall tract 
after evacuation of the opaque enema solution. 


of the solution passes into the ascending colon. 
A diverticulous appendix-like projection is seen 
attached to summit of hepatic flexure, the same 
being directed upward and mesially for a dis- 
tance of about 2 inches, and is tender on manip- 
ulation. The sigmoid at times is_ spastic. 
Roentgenographic study: The unusual findings 
are confined to the hepatic flexure of the colon. 
The barium solution has migrated in tree-like 
fashion into the cystic, common, right and left 
hepatic ducts and even into the finer ramifica- 
tions of the interlobular ducts. There is no 
definite outline of the gallbladder itself. Study 
of film taken after evacuation of the opaque 
enema shows practically complete expulsion of 
barium enema from colon, with no retained 
barium present in galltract. 

Operative Record. Fan. 11, 1933. Right rectus 
incision made with upper angle of incision curv- 
ing toward ensiform. Peritoneum opened. 
Right hypochondrium explored. Adhesions be- 
tween the hepatic flexure of colon and gallblad- 
der separated. Some leakage encountered at 
point of separation. An opening 1 inch square 
was found in the colon and another opening 
was located in a contiguous portion of the gall- 
bladder. The perforations in each of these 
structures were closed with double sutures. 
The gallbladder was atrophied. One cigarette 
drain was inserted at site of separation, and 
wound closed in layers in usual manner. Dry 
dressing and adhesive binder applied. 
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Postoperative Progress. Recovery was un- 
eventful. Patient was discharged from the 
hospital January 25, 1933. 


Comment. This case is of particular in- 
terest in view of the fact that (1) the pa- 
tient at no time had abdominal pain or 
symptoms that would be suggestive of gall- 
bladder pathology, although the biliary 
colic fistula was apparently the result of a 
gallstone ulcerating through the gallblad- 
der into the colon; (2) an anastomosis 
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existed (through the medium of the cystic 
duct and common duct) between the 
hepatic flexure of the colon and second 
portion of the duodenum. However, the 
barium from the colon did not migrate be- 
vond the ampulla of Vater, apparently due 
to the inhibitory action of the sphincter of 
Oddi; (3) the liver was not enlarged, and 
there were no signs of hepatitis, although 
this would be expected with the regurgita- 
tion of colon contents into the finer biliary 
ducts. 
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WINS occur approximately one in 

eighty-five births.Conjoined twins are 
even more infrequent, although the litera- 
ture has no available figures that are at 
all conclusive. And equal conjoined twins 
of the Siamese type present a still greater 
rarity. The most common of these double 
monsters are of the sternopagus and thora- 
copagus type. Heil, quoted by Shaw, 
Brumbaugh and Novey'? states that only 
220 such cases had been reported in the 
literature up to. 1921. Identical twins can 
be infallibly detected by means of the 
placenta. Siamese twins, being single 
ovum twins, are always of the same sex, 
having nearly always a single umbilical 
cord and a single chorionic sac. These 
twins are equal conjoined twins in whom 
the union is of a superficial nature, com- 
prised chiefly of skin and the xiphoid proc- 
esses, a condition teratologically described 
as xiphopagus (xiphoid) union. The term 
omphalopagus (umbilical) union is some- 
times used to describe the anomaly. The 
most widely accepted definition is the con- 
dition of xiphopagus; but some writers in- 
clude equal conjoined twins of the thora- 
copagus (thoracic union) type as Siamese 
twins. 

These double monsters have never been 
diagnosed before the onset of labor.*+° 
Twins may be diagnosed or suspected. The 
roentgenogram is not of much assistance 
because of the inability to visualize the 
cartilaginous and soft tissue union through 
the tissues of the mother’s abdomen and 
back. However if there is a family history 
of multiple pregnancies and the patient 
shows signs of a multiple pregnancy, roent- 
genograms may be taken in various posi- 
tions, hoping that diagnostic or at least, 
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suggestive shadows will be cast by the 
monster. 

The original Siamese twins are cited in 
abstract by Stedman.' A more detailed 
and complete account is presented by 
Gould and Pyles? and Dunbar’ from whom 
the following summary is taken: 

The Siamese twins Chang and Eng, males, were 
born in 1811, in Siam of Chinese parents. Their 
mother was thirty-five years of age at the time of 
their birth, having given birth to four previous chil- 
dren. Later twins were born several times again, 
making fourteen children in all. There was nothing 
of unusual significance in the pregnancy. The head 
of one and the feet of the other were born first. Both 
were feeble at birth. Both married in England and 
finally settled in North Carolina under the name of 
Bunker. They were the fathers of five and six chil- 
dren respectively. Living to be sixty-three years old, 
they died almost simultaneously in 1874 from 
arteriosclerosis. The union consisted of a cartilagi- 
nous band 43 inches long. There was a slight hepatic 
connection, a few interlacing fibers of the diaphragm 
and a slight vascular connection, but independent 
of the peritoneal cavities. The umbilicus was at the 
lower part of the connection. 
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The mother, a colored primipara, aged six- 
teen, was § feet in height and weighed 110 
pounds. She was a native of Missouri and a la- 
borer’s wife. She had had the ordinary diseases 
of childhood. There were no twins or other in- 
teresting history associated with either parent. 
Both the father and mother were of average in- 
telligence and reasonably strong. 

Labor began about 5:00 a.m., April 12, 1935. 
There had been no prenatal care. The sound of 
only one fetal heart was heard. The progress 
was very slow and labor pains very weak, oc- 
curring every twenty minutes. The musculature 
of the abdomen and uterus was very tense. 
There was no indication of the presence ot 
twins. The patient was left at 6:00 a.M. and a 
return call came a few hours later. At this time 
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the patient seemed to be suffering terribly and 
to be very nervous. An examination was made 
and a foot was found unusually low in the 
vaginal vault and pressing against the peri- 
neum. This foot was delivered along with the 
other foot and it was thought that it would be 
easy to deliver the baby. The labor pains be- 
came more severe, traction was made on the 
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legs of the baby at the same time the patient 
had her pain. Finally the thighs and external 
genitalia were seen. There were additional 
sharp labor pains which had no effect upon the 
delivery of the child. Finally another foot made 
its appearance underneath the buttocks of the 
first baby and in a few moments the lower 
extremities of both babies were in evidence. 
When there was traction on one baby and re- 
pulsion on the other they moved as a unit. 
The mother had become completely exhausted. 
Labor pains were now very strong and close 
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together. Believing that an anomaly was pres- 
ent, the perineum was supported hot 
packs, the mother given an opiate and trans- 
ferred to the hospital where a cesarean section 
under general anesthesia was done. Still-born 
male twins were delivered and 1 c.c, of pitui- 
trin injected into the uterus before its closure. 
The mother suffered no ill effect, was sitting up 
in bed on the ninth day and made an unevent- 
ful recovery. She is well and doing nicely at the 
present time. 

The twins faced each other, were full term 
and approximately equal in size. They weighed 
11 pounds and 8 ounces. The 
them, which extended from the 
of each sternum to the common 
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union joining 
upper portion 
umbilicus was 
composed of cartilaginous and soft tissue. The 
external genitalia were normal. The head, 
upper and lower extremities and hips were 
separate and normal. A single umbilical cord 
entered the lower end of the fusion. Placental 
membranes and cord were single with the latter 
of ordinary length and 2 cm. in diameter at the 
median point of juncture. Roentgenographic 
examination of the twins (Fig. 1) revealed two 
apparently normal and complete skeletal sys- 
tems with the exception of the regions of the 
sternums where a soft tissue union was seen, 
but no. ossification Permission for 
post-mortem study was refused, the specimen 
being now preserved in formaldehyde solution. 


centers. 
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ANEURYSM OF THE ABDOMINAL AORTA* 
REPORT OF A CASE EXHIBITING ANNULAR CALCIFICATIONS 


By ARTHUR S. UNGER, M.D., and M. H 


POPPEL, M.D. 


Gouverneur Hospital 
NEW YORK CIT) 


CCORDING to Osler, Vesalius (1567) 
was the first to describe an aneurysm 
of the abdominal aorta clinically. Valis- 
neri (1719) made and proved the diagnosis 
of an aneurysm of the abdominal aorta in 
a man aged thirty who had had syphilis. 


INCIDENCE 


Abdominal aortic aneurysm is rare in 
comparison with aneurysms of the thoracic 
aorta, only 16 cases being seen in sixteen 
years among 18,000 admissions to the 
Johns Hopkins Hospital. The ratio of 
abdominal to thoracic aneurysm is about 
1 to 10. 

The incidence seems to vary in different 
locations. In Vienna, out of 19,300 necrop- 
sies, there were only 3 cases of abdominal 
aortic aneurysm among 222 cases of aortic 
aneurysm (Goodman). 

\t St. Bartholomew’s Hospital there 
were 23 cases of abdominal aneurysm out 


ic. 1. Aneurysm and its relation to the stomach. 


of 468 cases of general aneurysm, a ratio 
of about I to 20. 
In Guy’s Hospital, out of 18,678 autop- 


sies, there were 325 aneurysms, and of 
these 54 were of the abdominal 
(Osler). 

At the Philadelphia General Hospital 
out of 12,000 autopsies there were 268 
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lic. 2. Aneurysm with the stomach empty. 


aneurysms, of which 40 were abdominal. 
The 40 aneurysms occurred in 38 subjects, 
of which 32 were males and 27 white. 
Saccular aneurysms occurred in 30 cases 
and they were present with equal fre- 
quency both anteriorly and posteriorly. 
They may occur at any age, but are most 
frequently found in early middle life. 
PATHOGENESIS 

It is generally agreed that aneurysms 
arise because of two factors: namely, dis- 
ease of the vessel and the pressure of the 
blood against their weakened area. Syphi- 
lis, arteriosclerosis, alcohol and trauma are 
the causes of the disease. Osler believed 
syphilis to be the all important cause in 
persons under forty. 

DIAGNOSIS 


The obscurity of the symptoms renders 
the diagnosis very difficult. When arising 
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from the anterior wall, the most obvious 
feature of the disease is a palpable expan- 
sile tumor. When arising from the posterior 
wall, there is much more difficulty unless 
there is bone erosion causing the character- 
istic boring pain and accounting for the 
scalloping of the anterior portions of the 
bodies of the lumbar vertebrae roentgeno- 
graphically. 

Anterior aneurysms press on the sympa- 
thetic nerves of the abdomen, producing 
pain in the epigastrium in a large number 
of cases while the posterior aneurysms 
press on the spinal nerves and their 
branches, exciting paroxysmal and radiat- 
ing as well as continuous pains in the back 
and loins. 

Osler stated that only the presence of a 
palpable expansile tumor justified the 
diagnosis of an abdominal aneurysm clini- 
cally. 

CASE REPORT 

J. T., a white male, aged forty-five, was ad- 
mitted to the Gouverneur Hospital on July 29, 
1935, complaining of an almost continuous 
throbbing pain in the epigastrium and in the 
left upper quadrant. 

Past History. Syphilis since 1g12 with incom- 
plete treatment. Severe intermittent epigastric 
pain since 1930. 

Physical Examination. Revealed a hard, ten- 
der mass, about the size of a lemon in the epi- 
gastrium and left upper quadrant. No pulsa- 
tions were noted. 

Laboratory Data. WWassermann reaction four 
plus. 

Roentgen Examination. The esophagus and 
stomach were normal in size, shape and posi- 
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tion. Peristalsis was absent along the lesser 
curvature. The lesser curvature showed in- 
dentation by a mass in the epigastrium, which 
contained more or less irregular annular calcifi- 
cations arranged in concentric layers. Rugae 
normal; pylorus patent; duodenum normal. 

When the patient was explored on August 5, 
1935, the mass was demonstrated to be a sac- 
cular aneurysm about the size of a lemon, aris- 
ing from the anterior wall of the abdominal 
aorta in its upper third. The mass was hard and 
walled off from the surrounding structures by 
dense fibrotic tissue. It contained irregular an- 
nular calcifications at the periphery arranged 
in concentric layers. 


CONCLUSIONS 


In all cases of obscure epigastric or left- 
sided abdominal pain, for which no ade- 
quate cause can be found, and which fail 
to exhibit signs of abdominal disease, 
aneurysm of the abdominal aorta should 
be considered. 

The presence of a mass, especially if 
pulsating; the presence of syphilis or the 
demonstration roentgenographically of an- 
nular, concentric or lamellated calcifica- 
tions in the mass or over the aorta should 
suggest the diagnosis. 
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CHARACTERISTICS OF ROENTGEN-RAY EQUIPMENT 
AT VOLTAGES IN EXCESS OF 200,000* 


By M. J. GROSS, MLS. 


CHICAGO, ILLINOIS 


THE last few years rapid progress 
has been made in the development of 
roentgen-ray equipment for voltages higher 
than 200,000. The interest shown by radiol- 
ogists in increasingly higher voltage therapy, 
and by many industrial concerns in the 
roentgenography of heavy steel vessels, has 
motivated intensive research and engineer- 
ing activity. No great difficulty has been 
encountered in designing equipment for 
generating the higher voltages. Most of 
the effort has necessarily had to be directed 
towards the roentgen tube. As might be 
expected, more than one solution has been 
found to the problems involved. 

The first really high voltage roentgen- 
ray equipment for medical research was 
installed in 1931 at the Memorial Hospital, 
New York City, and consisted of a 700,000 
volt induction coll, and a two section roent- 
gen tube continuously evacuated from an 
exhaust system. Half of the total voltage 
was applied to each section of the roentgen 
tube, so that the electrons were accelerated 
in two stages. In 1933, two 800,000 volt 
hospital installations were made that uti- 
lized rectified transformer voltage, applied 
to a four section continuously evacuated 
tube. Other high voltage equipments of 
different designs have been built by some 
of our leading universities. One type uti- 
lizes radiofrequency energy, another type 
a roentgen tube in which porcelain is sub- 
stituted for glass. 

ROENTGEN TUBE PROBLEMS 

Although these equipments apparently 
differ greatly, they are alike in that they 
are designed to overcome the same voltage 
problems. It should be of interest to com- 
ment on some of these voltage problems, 
because through an understanding of them 
similarities are more obvious in the dif- 
ferent types of roentgen tubes. 


* Read at the Thirty-sixth Annual Meeting, American Roentgen Ray Society, Atlantic City, N. f., Sept. 24-2 
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Cold Cathode. Perhaps the most impor- 
tant problem is that of preventing cold 
cathode discharges in the roentgen tube. 
By this is meant prevention of erratic, 
uncontrollable current discharges. Under 
ordinary conditions electrons cannot escape 
from a cold surface because of inherent re- 
tarding forces. Under very high voltage 
gradient, however, the retarding force may 
be partially or completely overcome, and 
when this occurs the current in the roent- 
gen tube becomes erratically uncontrol- 
lable, and surging results. Although voltage 
gradientsfrom a million to a hundred million 
volts per centimeter are required to pro- 
duce cold cathode discharges, this order of 
field strength may easily exist with elec- 
trodes at potential differences of 200,000 
volts or more, if spacings are not carefully 
controlled. Experimentally, quite definite 
minimum spacings between electrodes are 
found which: cannot be reduced without 
erratic behavior, the spacing being a func- 
tion of the maximum voltage that the tube 
must stand. Besides voltage, the spacing 
is also influenced by other factors, such as 
the shape of the electrodes, microscopic 
irregularities, contamination, and the past 
history of the surfaces. In practically all 
cases a given spacing can be made to stand 
more voltage by operation at the voltage 
where cold cathode discharges are just 
barely obtained. Gradually this voltage 
can be increased. In a tube being continu- 
ously evacuated the improvement may be 
only temporary. In a tube thoroughly de- 
gassed and sealed off from a pumping sys- 
tem the aging may be permanent. 

Puncture. Another problem at high volt- 
age is prevention of tube puncture. The 
envelope of a roentgen tube is usually 
under voltage stress in two different direc- 
tions. Applying voltage produces a longi- 
tudinal stress along the envelope surface 
27, 1935. 


Kic. 1. Type XPT-4, 400,000 volt roentgen tube. 


similar to that involved in other high 
voltage bushings and insulators. In addi- 
tion, however, there may be a high radial 
voltage stress between the inner and outer 
surfaces of the envelope. This is caused by 
scattered electrons from the anode reach- 
ing the inside surface of the envelope and 
charging it to a high potential with respect 
to the uncharged outer surface. It is usually 
this latter radial stress which causes punc- 
ture. There are two ways of prevention. 
The first is to make the thickness of the 
envelope and its dielectric strength great 
enough to resist puncture. This solution is 
typified by the thick borosilicate glass 
tubes, first introduced in 1930, that have 
proved so successful for 200,000 to 300,000 
volts. The second solution is to prevent 
electrons from reaching the envelope and 
charging it to a high potential. This is not 
easy to do. To succeed, all electrons from 
the hot filament cathode must be focused 
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on the anode, cold cathode must be com- 
pletely eliminated, and electrons rebound- 
ing from the anode must be trapped. 
Nevertheless, at the higher voltages some 
such shielding is essential; otherwise it is 
extremely difficult to build sufficient dielec- 
tric strength into the envelope wall. 

Vacuum. Vhe problem of maintaining a 
high vacuum in a high voltage roentgen 
tube is fundamentally only a question of 
degassing a larger volume of space and ma- 
terial than at lower voltage. In many cases, 
however, the problem has been complicated 
by the presence of cold cathode discharges 
and the danger of puncture. It is significant 
that, in spite of some belief to the contrary, 
no appreciably better vacuum is required 
for operation at a half million to a million 
volts than for operation at 100,000 to 
200,000 volts. Continuous evacuation dur- 
ing operation further simplifies the vacuum 
problem where large, immovable installa- 
tions are involved. A pumping system may 
allow operation in spite of liberation of gas, 
small leaks, or punctures. In some cases it 
offers the only practical solution. Disturb- 
ances that completely ruin a_ sealed-off 
tube may cause only temporary failure or 
minor repairs in a pumped one. 

Gradually, however, as a better under- 
standing has been gained of the problems 
involved, it has been possible to raise the 
voltage at which operation without a per- 
manent pumping system is practical. Al- 
though such tubes require extreme care in 
design and manufacture, there is no inher- 
ent reason why they cannot be built for 
very high voltages. In 1934 a sealed-off 
roentgen tube of this type was developed 
for use at 400,000 volts contant potential 
(Fig. 1). A number are being successfully 
operated at this voltage. To insure sufh- 
cient voltage safety factor, most of them 
have been tested during manufacture to 
500,000 volts. 

As an illustration of one solution to the 
problems that have been discussed, a 
description will be given of this, so-called 
APT -4, 400,000 volt tube. 
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XPT-4 TUBE 


Design. Although having operating char- 
acteristics somewhat similar to lower volt- 
age tubes, it differs radically in internal 
structure (lig. 2). The tungsten target 1s 
located inside of a long, hollow cylinder of 
copper. Electrons are shot into the cylinder 
from the cathode, and travel down its 
length to the focal spot where they im- 
pinge, and then, in most cases, bounce off 
again with lower velocity. In the lower 
voltage tubes an appreciable number travel 
to the envelope of the tube, charging it to 
a negative potential. In this tube, however, 
they attempt to bounce back inside the 
cylinder, but, because of its length, collide 
with the sides of the cylinder and are un- 
able to get out to the envelope. The enve- 
lope, therefore, does not have to stand the 
additional electrostatic stresses set up by 
stray electron charges, and is free to per- 
form its primary function of acting as a 
vacuum container and high voltage bush- 


Fic. 2. Cathode-anode structure of 4 
volt roentgen tube. 


ing. The material it is made of, inciden- 
tally, is a_ borosilicate high dielectric 
strength glass averaging one-quarter inch 
in thickness. 

Manufacture. igure 3 shows an opera- 
tion in fabrication of the envelope. Two 
cylinders of thick heat resisting glass are 
being fused together in the intense heat 
produced by 18 individual hydrogen OXY 
gen flames. The temperature of the flames 
is around 5,000° Fahrenheit, of the glass 
itself 2,000° or higher. 

The overall length of the XPT-4 tube 
is only 60 inches for operation in air at 
400,000 volts. This is probably smaller 
than ts possible in a pumped tube where 


Characteristics of Roentgen-Ray Equipment §27 


Kic. 3. Glass blowing 


a step in the fusing together 
of one-quarter inch cylinders. 


the parts cannot be completely degassed 
or freed of contamination. Extreme care is 
necessary in manufacture to thoroughly 
degas parts so that no appreciable amount 
is liberated later during operation. Figure 
4 shows one of the more spectacular of the 
many degassing processes involved. Elec- 
trodes are shown being heated in a vacuum 
by short wave radiofrequency energy. 
Prior to this, all copper has been vacuum 
melted and other parts have been fired in a 
hydrogen furnace. Later, in the assembled 
tube, the parts again will be degassed by 
high frequency firing, bake-out in an oven, 
and voltage bombardment. Throughout, 
cleanliness is insured with the help of dis- 
tilled alcohol, distilled water, liquid air, 
nitrogen, white gloves, cellophane, hot 
boxes, and, above all, careful handling. 
Application. The XPT-4 tube is designed 
for operation from “center grounded” en- 
ergizing equipment. This 1s important inas- 
much as it means that spacings for only 
200,000 volts to ground are required, and 
therefore roentgen-ray and electrical pro 
tection can be built around the tube with- 
out excessive dimensions and weight. The 
generating equipment, also, takes less 
space and is more easily installed in an 
ordinary room than if it were “end 
srounded”’ and had to be insulated for 
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by high frequency heating in a 
vacuum. 


Kic. 4. Degassing 


400,000 volts to ground at one end. Figure 
5 shows several views of a combination 
tube drum and patient’s cubicle, incorpo- 
rating 16 mm. of lead protection, designed 


Kic. sa. Outside view; 400,000 volt demountable 
tube drum and treatment cubicle. 
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so that it can be constructed and assembled 
at a factory, disassembled, shipped, and 
then reassembled at any desired location. 

Because the XPT-4 tube is relatively 
small in size and self-contained, in addition 
to being designed for center grounded 
operation, it is adaptable to the type of 
unit for industrial roentgenography in 
which tube and generating equipment are 
brought together in one oil-filled container 
(Kig. 6). The result is a heavy, but portable 


Kic. sé. Inside view; 400,000 volt demountable tube 
drum and treatment cubicle. 


equipment as far as industrial use is con- 
cerned. 
CIRCUIT REQUIREMENTS 
With reference to high voltage generat- 
ing apparatus and circuits, the variety of 
types in use, as was the case with tubes, 
precludes any attempt to describe all of 
them. There is one characteristic, however, 
which all equipments have more or less in 
common, because it is essential to good 
roentgen tube operation, regardless of the 
type of tube or circuit involved. 
The essential point is that there be a 


—| 
| 
— 


36, No. 4 


relatively high electrical impedance in that 
part of the high voltage circuit which is in 
series with the roentgen tube. Otherwise 
operation is unstable, even in the best of 
tubes, and accompanied by voltage and 
current surges that may cause permanent 
damage. Experimentally it is found that 
at least one ohm per volt is needed. The 
reason that some constant potential equip- 
ments in the past have given poor tube per- 
formance is that they have lacked sufh- 
cient resistance in a circuit which without 
resistance is capable of unlimited instanta- 
neous current flow. With sufficient resist- 


Kic. 6. Single unit type of industrial roentgen-ray 
equipment. 


ance, as good a tube performance can be 
obtained on constant potential as on any 
other rectified circuit. A constant potential 
circuit for energizing the XPT-4 tube is 
schematically represented in Figure 
Note the different locations of resistance, 
and also note the sphere gap, which has a 
double function: calibration, and surge 
limitation. 

Resistance in the low voltage side of a 
high voltage generator does not accom- 
plish the same function as. resistance 
directly in series with the tube. As a matter 
of fact, in most cases it is desirable to oper- 
ate with relatively low primary resistance, 
using autotransformer or motor generator 
control for voltage regulation. Otherwise, 
another unstable condition is obtained in 
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which the output voltage is very critical 
to small changes in tube current. 

Two other desirable equipment charac- 
teristics are, first, means for gradually in- 
creasing the tube voltage from a low value, 
so that full voltage is never suddenly 
applied at the start of operation, and 
second, a protective sphere gap for limiting 
and relieving overvoltage, regardless of 
cause, rather than allowing it to build up 
to the point of arcing over the surface of 
the roentgen tube. 

Figure 8 shows a photograph of a con- 
stant potential equipment utilizing the 
circuit in Figure 7. The first medical in- 
stallation of this type, at St. Johns Hospi- 
tal, Cleveland, is still being operated with 


Fig. 8. 400,000 volt constant potential equipment. 
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its original tube after more than 750 hours 
treatment use at 400,000 volts, ¢ milli- 
amperes. 
SUMMARY 

| have attempted to point out problems 
and characteristics that are of importance 
to all types of high voltage roentgen tubes 
and equipment, in particular those prob- 


DISC 
Dr. Laurisron S. Taytor, Washington, 
1). C. In view of the very great interest today 


in increasing voltages for roentgen therapy, | 
think Mr. Gross is to be congratulated on the 
important part he has played in bringing about 
development of an x-ray tube which is stable 
in its operation and reproducible in its output. 

4 discussion of his paper is very difficult be- 
cause I can’t think of anything he has forgotten 
to say. 

(Slide) There is one thing he has shown in 
this slide which I don’t believe he mentioned 
specifically. You will notice at the top of the 
generator system the glass tubes with spheres 
located within them. Those are for the purpose, 
| understand, of grounding the high potential 
set when it is not in operation. I believe in this 
particular case, the spheres are connected me- 
chanically to the door of the apparatus room so 
that as soon as the door is opened, the switch 
controlling the main power input is opened and 
those short-circuiting spheres are dropped, 
thereby discharging the condensers. 

I call attention to this fact because it is an 
important item in the use of constant potential 
equipment. There have been only one or two 
serious accidents due to persons coming in con- 
tact with constant potential equipment which 
still contains under condensers a large charge. 
We had an experience of that nature in our 
laboratory before we had such a device on our 
own equipment. 

One Friday afternoon, we had been operating 
our equipment at 160,000 volts. We turned it 
off and went home. Every Monday morning the 
standard practice was to wipe the dust off the 
condensers. One of the boys climbed up to do 
that and received enough of a shock to knock 
him down. The shock didn’t hurt him but the 
fall did. 


The other point of particular interest In the 
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lems associated with cold cathode dis- 
charges, puncture, maintenance of high 


vacuum, tube circuit impedance, and surge 
protection. These have been illustrated by 
description of a recently developed per- 
manently evacuated tube and generating 
equipment for 400,000 volt constant po- 
tential operation. 
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discussion of this generating circuit is the use ot 
current limiting resistors both in the circuit 
charging the condensers and the circuit leading 
directly to the tube. 

We have also had some experience with that 
in connection with our routine laboratory in- 
vestigations. When constant potential equip- 
ment first came on the market, | believe | am 
correct in saying there was no protective resist- 
ance of any sort. However, the company which 
first put the equipment out soon found some re- 
sistance was evidently helpful. At that time, 
they had in the tube circuit about a half ohm 
per volt. The equipment never operated for us 
with a satisfaction we thought it ought to. On 
our own equipment, we were using a higher re- 
sistance than Mr. Gross suggested. He sug- 
gested 1 ohm per volt. We were using 5 ohms 
per volt because the voltage loss in the resist- 
ances was not important in our case since we 
were operating at low tube currents. We had at 
that time a high voltage voltmeter and recorder 
which tied in directly to the high side of the 
transformer equipment so that we could get a 
continuous record of the high voltage, showing 

variations as small as a quarter of a per cent 
in the voltage. We tried the set, operating the 
high voltage recorder and varying the resist- 
ance in a high tension circuit we established as 
an arbitrary ceiling of operation, that high volt- 
age in which the unsteadiness did not exceed 
or 2 per cent. We kept adding resistance and 
increasing the voltage until the unsteadiness in- 
creased beyond the tolerance which we had set. 

We found that in general, in going from o.<s 
ohm per volt in high tension circuits, we could 
increase the steady operation ceiling ot our high 
voltage equipment by 40 per cent which was a 
very substantial gain. As a result of that, we 
have used in our circuits ever since then just 
such a high resistance. 
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on the method devised for measur 
7 ing the roentgen-ray absorption of tooth 
tissues employs the photographic emulsion 
as a recording and, in a real sense, as a 
measuring device, it is necessary for us to 
consider some of the properties of the 
emulsion. To do precise roentgen-ray ab- 
sorption measurements, the film must be 
treated according to the specifications for 
quantitative study of the film itself. These 
specifications have been the object of al 
most unlimited investigation so that we are 
in the fortunate position of being able to 
turn to the literature of photographic sen 
sitometry for such specifications. Nietzt 
says (p. 25) that “‘to obtain quantitative 
measurements of the character of a photo- 
graphic plate—it is necessary to carry out 
the following steps: 

a) Exposure of the plate in a definite 
manner, for a definite time; 

b) Development under known condi- 
tions; 

c) Measurement of the resulting deposit 
of silver; 

d) Interpretation of the data obtained. 
The physical side of the photographic proc- 
ess may be ignored so long as the necessary 
conditions are constant throughout... 
In brief, these 4 steps represent a succint 
outline of our entire method. 

Since the measuring device, the emul- 
sion, is characterized by its response (the 
density) produced by a given exposure, we 
will do well to examine the characteristic 
curve for the “‘dupli-tized x-ray film”? which 
we have used for our work. Hurter and 


t Nietz, A. H., Theory of Development. Monograph No. 2. 
by Eastman Kodak Co., Rochester, N. Y., 1922 
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Dritheld,t whose initials are therefore at- 
tached, discovered that the easiest way to 
typify an emulsion was by plotting the 
density (in certain ranges) against the 
logarithm of the exposure. The character- 
istic curve of “dupli-tized x-ray film’ is 
similar to that for other emulsions (Wilsey, 
Jones) in that it has three parts: (1) a 
“toe” or horizontally inclined lower portion 
in which (see Fig. 52) the density increase 
produced by a given increase in logarithm 
exposure is disproportionally small; (2) a 
straight line portion, whose slope is called 
gamma, over which portion a given density 
increase is produced by a proportional 
logarithm exposure increase, and (3)—(not 
shown)—a “‘shoulder”’ or upper portion at 
very high densities in which the slope grad- 
ually diminishes to horizontal. In the char- 
acteristic curve for “‘dupli-tized x-ray film” 
emulsion, the toe extends up to a density 
of about 1.5, the straight line portion from 
densities of about 1.5 up much beyond the 
measurable range by the Capstaft-Purdy 
densitometer. 

Figure 52 is shown by the courtesy of 
Mr. Wilsey. The abscissae are labeled “‘log 
x-ray intensity’’; the increasing exposure is 
applied experimentally by the densitometer 
described by Wilsey and Pritchard§ and 
consists essentially of logarithmically in- 
creasing time increments. 

The units along the “‘log x-ray exposure” 
axis are arbitrarily chosen and express only 
the increase in relative exposure. If the ex 
posures were expressed in roentgens, the 

t Hurter and Driffield. Memorial Volume of Photographic Re- 


searches. Royal Photographic Society, 1920. 
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position of the curve along the log-exposure 
axis would depend on the quality of the 
roentgen rays as well as to speed of the film. 
The general form of this curve is similar 
for different types of emulsions, differing 
chiefly in slope or contrast from one emul- 
sion to another. In a previous paper it was 
shown that the use of natural logarithms 
of the exposure would simplify the deriva- 
tion of an equation connecting roentgen- 
ray exposures with the densities produced 
in the developed films. 

For ease of presentation, we have divided 
the various factors that have to do with 
the film into three groups as follows: (1) 
miscellaneous film factors such as type of 
emulsion, graininess, fog, and density 
1.V. relations; (2) sensitometric considera- 
tions and their connection with roentgen- 
ray image densities; and (3) film density 
gradients and image sharpness. The mis- 
cellaneous film factors are discussed in this 
paper. The other two groups of factors will 
be presented later. 

A. TYPE OF FILM 

There are at least two reasons why we 
were interested in obtaining I.Vs. for 
enamel and for dentine using a number of 
different emulsions. In the first place it was 
possible, but improbable, that the I.Vs. 
would vary from emulsion to emulsion. In 
the second place, we wanted to inspect the 
potential advantages of enlarging the film 
images of penetrometers and tooth slabs 
and thus be able to obtain I.Vs. for the 
tiny “‘line’’ changes that may easily be 
seen in the image of the tooth but are 
much too small to be measured by the 0.5 
sq. mm. area photometered by the Cap- 
staft-Purdy densitometer. The very “‘fast”’ 
emulsion used for “‘dupli-tized x-ray film”’ 
is characterized by a large enough grain 
size to preclude its satisfactory enlarge- 
ment. Therefore, we made a series of ex- 
posures on several types of film emulsions, 
e.g., special fine grain plate, radiatized 
dental film, lantern slide, commercial pan- 
chromatic process film, as well as a special 
series on “‘dupli-tized x-ray film.” Not all 
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of the values are reported, only typical 
cases are chosen, since our interest is only 
to illustrate the similarity found in the 
magnitude of the I. Vs. no matter what 
film emulsion was employed. 


Special Fine Grained Emulsion. Using a spe- 
cial fine grained emulsion supplied by Eastman 
Kodak Company, three exposures were made 
at 30 kv., 6 inches, 30 ma. no filter, paper- 
wrapped plates, and 60, go, and 120 seconds 
exposures. The average D.Rs. in the various 
steps of the penetrometers are given in Table 
Lxvul. The D-T curves (not shown) vary in 


TaBLe LXVII 


SPECIAL FINE GRAIN PLATE, 30 KV. 6 INCHES, 30 MA. 


FILM 161 162 163 
EXPOSURE 60 sec gosec.| 120sec. 
DENSITOMETER READINGS 
Pentrometer 
Step | 1.05 2.20 2.8 
2 0.56 1.08 2.8 
0.4! 0.61 1.88 
4 0.32 0.44 
5 0.26 0.34 1.03 
6 6.32 0.30 0.82 
7 0.17 0.24 0.56 
8 0.16 0.26 
Eramel 0.27 0.40 0.94 
Yentine 0.4! 0.80 2.02 
INTERPOLATED VALUES 
(mm. Al.) 
Fnamel 1.23 1.10) | 1.35 
Dentine 0.78 0.6 71 


shape and position, that for the 60 second ex- 
posure being nearly horizontal and low in the 
density range, that for the go second exposure 
having a relatively small radius of curvature 
and placed intermediate in the density range, 
and that for the 120 second exposure very steep, 
of small radius of curvature, and placed high 
in the density range. Due to the extreme slow- 
ness of the emulsion, the exposures are rela- 
tively long even at the distance of 6 inches. The 
juxtaposition of the tube and plate resulted in 
pronounced gradients of intensity (see paper 
111, a) consequently the I.Vs. are varied but not 
significantly different in magnitude from the 
values found with “dupli-tized x-ray” or other 
films. 
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9 
Taste LXVIII 
RADIA-TIZED DENTAL FILM, A-UPPER, B-LOWER, 30 KV., 30 INCHES, 28 MA., NO FILTER 
FILM 41 42 43 
EXPOSURE 40 sec. 30 sec 25 sec 
DENSITOMETER READINGS A RB 4 B d 
Penetrometes L. R R I R R I R 
Step 1.28 1.2% 1 .1C 1.05 | 0.80 0.80 | 0.93 0.94 
2 Rs 84 | 0.60 0.56 | 0.62 0.63 | 0.47 0.48 | 0.57 0.55 
3 57 | 0.40 | 0.46 0.44 | 0.33 0.33 | 0.40 0.40 
4 41 4910.00 6.36 0.22 | 0.30 0.3! 
0.31 >.33 | 0.18 | 0.30 0.26] 0.17 0.24 
6 26 >». 24 | 0.30 0.14 | 0.24 0.20 | 0.14 O.1§ 6.49 0.20 
7 0.24 > | 0.2% | 1 O37 
8 6 O.11 2 0.20] 0.32 6:30 6.17 6.17 
namel 0.35 0.23 0.17 0.24 
Dentine 0.38 0.44 0.34 0.36 
INTERPOLATED VALUES 
Enamel 1.20 1.20 1.10 1.26 | 1.22 
Dentine 0.85 0.79 0.73 0.83 
FILM 43 44 4§ 
EXPOSURE 25 sec 2 see I§ Sec. 
DENSITOMETER READINGS RB RB A RB 
Penetrometer R R I R R I R 
Step 0.72 0.74 |0.7g9 0.81 | 0.5: 0.58 0.42 0.46 
2 >.41 0.38 | 0.47 0.47 | 0.30 0.28 | 0.36 6.38 | 0:39 0.24 
3 O.% 06.33 1.0.73 . 0.36 6.19 | 0.24 | 
4 0.17 6.16 0.25 | 0.09 06.12 | 0.87 16.3% 
| 
0.14 0.93 0.59 0.21 | 0.08 0.07 | 0.14 | 0.0g 0.08 
6 0.10 O.11 | 0.18 O.1g | 0.05 0.07 | 0.13. 0.11 | 0.06 0.07 
7 0.08 0.08 | 0.18 0.16 | 0.04 0.06 | O.I1 0.06 | 0.05 0.05 
8 0.08 0.07] 0.18 0.18 | 0.04 0.05 | 0.11 0.07 | 0.04 0.05 
Enamel O.14 0.23 O.11 0.13 O.11 
Dentine 0.25 0.17 0.20 0.15 
INTERPOLATED VALUES 
Knamel 1.20 1.10 1.10 1.30 1.05 
Dentine 0.77 0.85 0.7 0.86 0.80 


‘Radta-tized Dental Films.” In Table 
are given the average D.Rs. in the various steps 
of the penetrometers in § pairs of “‘radia-tized 
dental films” (A, the upper and B, the lower in 
the usual commercial packet) taken at 30 kv., 
30 inches, 28 ma. no tube stand filter and 40, 30, 
25, 20, 1§ seconds’ exposure. The D-T curves 
(not shown for every exposure time) are smooth 
logarithmic curves whose slope is comparable 
(see Fig. 53) to that of D-T curves at 30 kv. 
from “‘dupli-tized x-ray film.”” Most of the films 


are underexposed giving D-T curves with a 
long horizontal part for the thicker steps of the 
penetrometers. Even so the I.Vs. for the enamel 
average about 1.2 mm. Al, for the dentine aver- 
age about 0.8 mm. Al; values in fair agreement 
with those obtained using other kilovoltages 
“radia-tized dental film” and with those using 
different emulsions. The low value for the I.V. 
for enamel may be partly ascribed to the ab- 
sorption by the cassette (paper 11). The average 
difference (A-B) in density in Step 1 between 
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Fic. 52. (Courtesy of R. B. Wilsey.) The character- 
istics of “H and D”’ curve for ‘‘x-ray film.’’ The 
densities for various exposures are plotted as ordi- 
nates against the logarithm of roentgen-ray ex- 
posures; the abscissa scale is divided in arbitrarily 
chosen units. Note that there is no “‘shoulder”’ 
portion in the density range shown. 


film A (the upper) and B (the lower) is about 
0.2 density units, which decrease for film B may 
be attributed to the filtration effect of the emul- 
sion and film base of film A (see later paper). 

In Table Lx1x are given the D.Rs. in the 
various steps of the penetrometers in 4 pairs of 
“‘radia-tized dental films” taken at 41 kv., 30 
inches, 30 ma., no tube stand filter and 25, 20, 
15, and 10 seconds’ exposure. The D-T curves 
(not shown except for film 53 A—see Fig. 53) 
are smooth, typical curves, of lesser slope than 
those at 30 kv. as would be expected on the 
basis of the results for “‘dupli-tized x-ray films”’ 
(see Fig. 17, paper 111). The I.Vs. for the enamel 
average about 1.35 mm. Al, for the dentine 
about o.8 mm. Al; values in satisfactory agree- 
ment with those obtained using other kilovolt- 
ages with “‘radia-tized dental film” as well as 
using other emulsions. The average reading in 
Step 1 of film A is greater than the average 
reading in Step 1 of film B by about 0.1¢§ den 
sity units. 

In Table Lxx are given the D.Rs. in the 
various steps of the penetrometers in 4 pairs 
of “radia-tized dental films” taken at 51 kv., 
30 inches, 30 ma., no tube filter and 25, 20, 15, 
and 10 seconds’ exposure. The D-T curves (only 
that for film 64 A is shown in Fig. $3) are typi 
cal, smooth curves W hose slope iS le SS than that 


H. C. Hodge, G. Van Huysen, R. B. Wilsey and S. L. Warren 


OcroBer, 1936 
of curves for lesser kilovoltages (see Fig. 53 and 
compare Fig. 17). The 1.Vs. for the enamel 
average about 1.4 mm. Al; for the dentine 
about 0.8 mm. Al; values in agreement with 
those for other emulsions and showing a pre- 
dictable change (for enamel) with kilovoltage 
change. The average density of Step 1 in film A 
is about 0.12 density units greater than of Step 
1 in film B. 

In Table Lxx1 are given the D.Rs. in the vari- 
ous steps of the penetrometers in 3 single 
“radia-tized dental films” and 1 pair of “‘radia- 
tized dental films” taken at 61 kv., 30 inches, 
30 ma., no tube stand filter and 25, 20, 15, and 
10 seconds’ exposure. Films 71B, 72A and 73B 
were discarded. The D-T curves (not shown ex- 
cept 74B, see Fig. 53) are placed very high in 
the density range measurable, are similar, typi- 
cal, and of less slope than those at lower kilo- 
voltages. The I.Vs. for the enamel are low in 
films 71A, 72B, and 73A and about 1.5 mm. Al 
in films 74A and B; for the dentine are low in 
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Fic. $3. D-T curves for “radia-tized dental film’ 
at 30, 40, §0, and 60 kv. are typical , smooth curves 
of increasing radius of curvature with increasing 
kilovoltage. Compare Figure 17, paper 111, where 
similar findings are shown for “‘dupli-tized x-ray 
film. ““A"’ denotes the upper, “B,”’ the lower film in 
the commerce assette. 
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Ves. 6, Me. « Roentgen-Ray Absorption of Tooth Slabs $35 
Taste LXIX 
RADIA-TIZED DENTAL FILM, A-UPPER, B-LOWER; 41 KV., 30 INCHES, 30 MA., NO FILTER 
XPOSURE 25 20 sec 15 sec 10 sec. 
)ENSITOMETER ) 
sk entuns / B / B / B / B 
Penetromete R R R R R R R R 
Step | 2.14 2.730 1.96 1.93 1.52 1.33 1.660 1 Pe 1.2 
2 1.76 1.96 1.6 1.6 1 1.41 1.4 1.34 41.%4 1.14 1.16 1.06 1.06 
3 1.61 1.893 1.07 1.04 88 84 84 67 65 
4 1.08 1.12 1.04 1.Cc6 g2 BS 33 64 65 
5.8 9g gi BS 8 74 7 61 2 41 43 
g I I I 6 $8 $7 7 46 46 43 42 34 32 
} 4 56 Sg 56 54 I 49 48 36 27 35 31 22 2 
3) 64 64 49 45 46 46 41 43 4! 36 34 33 27 27 1S 17 
Enamel 9g 69 64 S4 49 38 
Dentine 1.49 ‘24 1.26 1.12 1.06 RR "4 39 
INTERPOLATED 
VALUES mm. 
of Al 
Enamel 1.26 1.41 1.42 1. 38 1.38 1.34 
Dentine 69 6 =9 8 6 RR 89 


films 72B and 73A and about 0.8 mm. Al in gen radiation by enamel and by dentine to 
films 74A and B. The reason for the low I.Vs. Aluminum: 

is not known. The density of Step 1 in film 74A (1) ‘‘Radia-tized dental film” 
is 0.18 density units greater than the density 
of Step 1 in film 74B. 


is no dif- 

ferent than “‘dupli-tized x-ray film”’ in its 

ability to reproduce the I.Vs. for enamel 
In summary, the following facts are de- and dentine in terms of mm. Al. 

duced about the use of “‘radia-tized dental (2) Using “‘radia-tized dental film” at a 

film’’ to compare the absorption of roent- given kilovoltage the I.Vs. are not de- 
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RADIA-TIZED DENTAL FILM, A-UPPER, B-LOWER) KV., JO INCHES, 3}O MA., NO FILTER 


FILM 51 62 63 64 
EXPOSURE 25 sc 20 sec. 14 sec. 10 sec. 
/ B / B B B 
Penetrometer | R R R R R L. R L. R a R 
Step 1 2.8 2.8 2.8 2.8 2.8 (2.66 2.67 | 2.48 1.2.99 6.28 2.02 1.99 1.91 1.93 
2 2.79 2.6 2.6§ 2.56 2.43 2.44 | 2.3 3.33 | 3.3 2.13 | 2.02 2.04 | 2.74 1.71 | 1.62 1.66 
2.6 2.6 2.42 2.38 | 2.2 2.23 19.07 2.07 13.77 0.85 1 1 
4 2.28 2.32 12.25 2.2 2 2.03 | 1.9 1.91 8.96 0.08 18.27 3.99.) 
2.09 2.13 2.01 2.03 1.84 41.86 8.78 1.6 1.62 1.44 1.48 3.42 8.83 1.1 1.1 
6 1.96 1.99] 1.865 1.84] 1.7 8.57 2.20) tse 97 0.95 
1.68 I 1.61 1.46 1.34 :.22 :.22 I | 7 87 
Enamel 1.99 1.9! 1.76 1.67 1.52 1.38 1.01 
Dentine 2.41 2.2 2.15 2.04 1.92 I 1.47 1.39 
INTERPOLATED 
VALUES (mm. 
Al) 
Enamel 1.4! 1. 38 BR 1.4 1.4 1.45 1.41 


Dentine 9 81 83 82 84 Rc 
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FILM 71 
EXPOSURE 25 sec. 
DENSITOMETER READINGS A 

Penetrometer R 
Step 
; 
4 
2.6 2.8 
2 
7 2.06 2.66 
2.§3 2.$4 
Enamel 2.82 
Dentine 2.8 


INTERPOLATED VALUES 
(mm. of Al) 
Enamel 1.36 
Dentine 


pendent on the exposure time (within 
wide limits), a fact which previously has 
been shown for ‘“‘dupli-tized x-ray film”’ 


(see paper III). 


(3) Using “‘radia-tized dental film’”’ in- 


LANTERN SLIDE, 30 KV., 30 MA 


FILM 
EXPOSURE 


DENSITOMETER READINGS 
Penetrometer 


Step I 


to 


Enamel 

Dentine 
INTERPOLATED VALUES 

Enamel 

Dentine 


to 
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RADIA-TIZED DENTAL FILM, A-UPPER, B-LOWER, 61 KV., 30 INCHES, 30 MA., NO FILTER 


te 
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20 sec 

2.5 
74 
ss 
24 2.38 
7 2.383 
35 

73 
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15 sec 
73 
43 2 
, 
30 
.g6 
.60 
37 
74 


R I 
8 2.60 
73 2.30 
62 
2.OC 
| 1.87 
1.79 
1.66 
1.78 
2.10 
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10 sec. 
L. 
62 | 2.4! 
2.36 
1.g3 
O}3 
go I 732 
73 1.62 
68 1.50 
713. 
1.61 
1 
>. 84 


B 


crease in the I.V. for enamel accompanies 
an increase in kilovoltage, while the I.V. 
for dentine is not changed (also shown for 


“dupli-tized x-ray film’’) (see paper 111). 
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Lantern Slides. Using regular lantern slides, 
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A | 
I R 
2 2 2.44 
2 2 
2 2 2 2.06 
| 2 2 1.89 
2 2 I 1.70 
2 2 1.62 
2 2 I .47 
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TasLe LXXIII 
PANCHROMATIC PROCESS FILM, 30 KV., 30 MA., 15 INCHES, 4 SEC., NO FILTER, BLACK PAPER, R. FOCUS 
FILM 
EXPOSURE 
DENSITOMETER READINGS 
Penetrometer Left Right Left Right 
Step I 
2 2 .03-2 .03 2.00-1 .g8 2.28 2.36 
; . $7 32 1.79 1.84 
4 1.4! 1.45 
.gg -94-0 .g2 1.10 
74-.078 72-0. 79 0.88 93 
2. §0-0.57 2.69 I 
8 50-0 .52 .49-0.§1 >. §8 2.60 
Tooth No. 71 Enamel 82 1.02 
Dentine 
Tooth No. Enamel 1.12 
Dentine 1.9§ 
INTERPOLATED VALUES 
Tooth No. 71. Enamel 1.38 1.35 
Dentine 714 
Tooth No. Enamel 1.25 


2 exposures were made at 30 kv., 30 ma., 15 enamel and dentine of the 0.78 mm. thick tooth 
inches, no tube stand filter, black paper- slabs, No. 71 and 85. The D-T curves (not 
wrapped films and using a round focus tube. shown) are crossed but do not differ greatly in 
In Table xxii are given the D.Rs. in the vari- shape or size from those obtained using “‘dupli- 
ous steps of the penetrometers as well asin the _ tized x-ray film.” The 1.Vs. for the enamel are 


TasBLe LXXIV 


CHANGE EXPOSURE TIME D.X.-R.F., JO KV., 30 MA., 30 INCHES, NO FILTER, BLACK PAPER, R. FOCUS 


43 S34F 44 45 $34.46 $34E47 


EXPOSURE 2 sec 4 sec. 6 sec. 8 sec. sec. 
DENSITOMETER 
READINGS 


Penetrometer 


Step | 1.39-1.39 1.39-1.40]2.0§-2.04 2.04-2.03/2.51-2.5§ 2.49-2.48 | 
2 1.04 1.CS—-1.07]1.§8-1.58 1.59-1.58]1.99-1.98 1.98-1.97|2.24-2.25 2.24 2.24/2.45 2.42 2.43-2.42 
84 83 84 84/1.29-1.29 1.28-1.27/1.64-1.62 1.62-1.62/1.88-1.89 1.88-1.88/2.04-2.c4q 2.02-.203 
§ 58 58 58-0 .6 86-0 . 89 89-0 .89]/1.16-1.16 1.15-1.14]1.30-1.33 1 4471.44 1.4371.45 
6 $3 53 §210.77-0.75 75 76/0 .g8-0 ..99 1.19-1.26 
47 48 46 47] 62 64 63 65/0.83 86 B84 86/0.93 97 .02|1 .00O-1.03 1.02-1.0¢ 
8 44 46 46 4610.57-0.57 §8-0. $810.73 74 75-0.74/0.86-c ..88 88-0.g91/0.88-0.90 0.gI-C.94 
Enamel 58 81 89 1.18 1.24 1.32 1.43 
Dentine |o.88 8g 1.22 1.3 1.67 1.96 2.07 2.12 
INTERPOLATED 
VALUES | 
Enamel 1.27 1.23 1.3 ‘4 1.32 1.26 


Dentine 72 73 69 3 0.7 10.74 


4% 


not concurrent but of the same magnitude; for 
the dentine they are in good agreement. There 
is no evidence of difference of I1.Vs. as compared 
to those obtained using “dupli-tized X-ray" or 
other films. 

Panchromatic Process Film, Using commer- 
cial panchromatic process film (Eastman 
Kodak Company), 2 exposures were made 
at 30 kv., 30 ma., 1§ inches, 4 seconds, no 
tube stand filter, black paper-wrapped films, 
using a round focus tube. In Table Lxxitt are 
given the D.Rs. in the various steps of the 
penetrometers as well as in the enamel and den- 
tine of tooth slabs of teeth No. 71 and 85. The 
1)-T curves (not shown) are steep, logarithmic 
and not markedly different from those obtained 
using “‘dupli-tized x-ray film.” The I.Vs. for 
enamel show good agreement, for the dentine 
also show good agreement. The I.Vs. are of ex- 
actly the same magnitude as those found by us- 
ing ““dupli-tized x-ray”’ or other films. 

“Dupli-tized X-Ray Film.” Using “dupli- 
tized x-ray film” a series of 5 exposures were 
made at 30 kv., 30 ma., 30 inches, no tube stand 
filter, black paper-wrapped film, round focus 
tube, and 2, 4, 6, 8, and to seconds. In Table 
LXxiIv are given the D.Rs. in the various steps 
of the penetrometers as well as in the enamel 
and dentine of tooth slabs from Teeth No. 71 
and 85. The D-T curves (not shown) from the 
films at increasing exposure times are elevated 
(along the ordinate) in decreasing increments. 
The curves are in all respects typical. The 
1.Vs. for the enamel show only fair agreement, 
having a 7 per cent spread between the highest 
and lowest value for each tooth; for the dentine 
the agreement is excellent having an over-all 
variation of less than 3 per cent. The magnitude 
of the values is the same as is obtained using 
cther films. Inasmuch as the data reported in 
paper 1 using “‘dupli-tized x-ray film” were 
from an 0.85 mm. thick tooth slab (tcoth No. 
1), the I.Vs. per unit thickness are compared. 
Thus the I.V. thickness of about 
2.73 0.70 


—=9.9 360 for Tooth No. 71, is about — 


slab is 


VV. 


= 0.897 for Tooth No. 1. The L.V. per unit 
thickness are of similar magnitude for the vari- 
ous teeth. 


To summarize, we have reported three 
exposures on a special fine grain plate, 
16 exposures on radia-tized dental film 
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pairs, 2 exposures on regular lantern slide 
plates, 2 exposures on commercial pan- 
chromatic process film and 5 exposures 
on “‘dupli-tized x-ray film.’”’ The same mag- 
nitude of I.V. for enamel and for dentine 
is found using each emulsion. 
B. PHOTOGRAPHIC ENLARGEMENTS 

We have investigated briefly the possi- 
bilities of obtaining a higher degree of pre- 
cision in measuring the densities of various 
film areas by enlarging photographically 
the images of the tooth slabs from roent- 
genograms. We immediately discovered 
that the amount of magnification possible 
on “‘dupli-tized x-ray films” was so small 
as to render this process susceptible to 
errors due to the fact that the graininess 
of “‘dupli-tized x-ray film” is sufficiently 
large to be easily visible without any mag- 
nification. Therefore the D.Rs. on the mag- 
nified image were variable beyond useful- 
ness. Photographic enlargement entails a 
further difficulty since any transfer of 
photographic images from one film to an- 
other results (in certain density ranges) in 
the production of an increased graininess 
in the receptor film (see Jones). Further- 
more, in transferring widely different den- 
sities from film to film, the relative con- 
trast will be changed in the ratio of the 
gammas of the two films. Since“‘dupli-tized 
x-ray film’’ is very contrasty, i.e., has a high 
gamma, any transfer to a fine grain film 
of lower contrast will result in compression 
of the density scale and a lowering of the 
relative density of enamel to that of den- 
tine. The principal reason, however, why 
we have abandoned the idea of studying 
enlargments by any method is found in the 
fact that, so far, none of the films which we 
have used have permitted precision meas- 
urements when enlarged. To illustrate the 
results of enlargement, we have selected 
several typical roentgenograms of tooth 
No. 71 made on “‘dupli-tized x-ray film,”’ 
“Radia-tized dental film,” panchromatic 


film, lantern slide and a special fine grain 
plate. 4, Figure 54 is a 14 X magnification 
of roentgenogram on a “‘radia-tized dental 


film’? made at 30 kv., 20 mm., 30 inches 
and 20 sec. The graininess of the film is 
easily apparent. A, Figure $4 1s a 14 mag 
nification of a roentgenogram on panchro- 
matic film taken at 30 kv., 30 


mm., 30 
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pli-tized x-ray film taken at 30 kv., 3omm., 
30 inches, 6 sec. The extreme graininess is 
evident. (Scratches are the result of han- 
dling during densitometric measurements. ) 
‘“Dupli-tized x-ray film’”’ presents a picture 


inches, 3 sec. By comparison with the mag- 
nification on “‘radia-tized dental film,” the 


panchromatic film is less grainy and of 


higher contrast. The enamel appears al- 
most free from grain. C, Figure §4 1s a 14 X 
magnification of roentgenogram on the du- 


Kic. 54. Magnification of roentgen- 
ray tooth images on various types 
films (14 X). 4. “Radia-tized den- 
tal film,’ note grain in enamel im- 
age. B. Commercial panchromatic 
process film. C. ““Dupli-tized x-ray 
film,’ note grain in enamel image. 
}). Lantern slide. Special fine 
grain plate, note minute bubbles. 


of extreme contrast and extreme graininess. 
The amount of actual variation in meas- 
ured densities across an area of “dupli- 
tized x-ray film’’ magnified 14x may be 
seen from Figure 55 in which the ordinate 


represents percentage of transmission. 
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Kic. $5. The tracing of a recording microdensitome- 
ter (courtesy of V. C. Hall, Eastman Kodak 
Company) across an area of “dupli-tized x-ray 
film,”’ at a magnification of 14x. The vertical 
variations represent the differences in percentage 
in transmission due to graininess of the film. 


(Measurements by the courtesy of V. C. 
Hall of Eastman Kodak Company.) D, 
Figure 54 is a 14 X magnification of roent- 
genogram made on a lantern slide at 30 
kv., 30 ma., 30 inches, 8 sec. Moderate 
contrast and very fine grain are found. EF, 
Figure $4 1s a 14 X magnification of a roent- 
genogram made on a special fine grain plate 
taken at 30 kv., 30 ma., 1§ inches, 24 min. 
There is no apparent grain. The contrast 
is moderate. The film has many tiny de- 
fects such as bubbles and dust spots which 
render it unfit for a precision study. 

We have decided that measurements of 
the densities by photographic enlargement 
are not feasible. 

C. DIRECT 


ROENTGEN-RAY ENLARGEMENTS 


The area (0.5 mm?) read by the Capstaft- 
Purdy densitometer is not a large one but 
the width of enamel and the areas of 
“changed” dentine are so small that the 
area read seems large by comparison. To 
correct this maladjustment proportion two 
procedures are suggested as possible: (1) 
reduce the size of the area read (procedure 
reported later) or (2) enlarge the film 
image. Experiments on the latter procedure 
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took two directions: (4) photographic en- 
largement of the film (see previous section) 
and (4) direct enlargement by the roent- 
gen-ray beam (includes penumbra). 

The principle of direct enlargement by 
the roentgen-ray beam may be outlined 
simply as follows: Since roentgen radiation 
travels in straight lines, if a point source 
is employed and the object placed between 


Kic. 56. 4 is a half-tone reproduction of a typical 
tooth image on “‘radia-tized dental film.’’ Note 
contrast and sharpness as well as size of image: 
40 kv., 30 ma., 25 seconds, objects laid on film, 
target-film distance, 30 inches. B is a half-tone re- 
production of a “‘radia-tized dental film’’ showing 
part of the penetrometer and a tooth image. Note 
loss of contrast and sharpness of image but in 

kv., 3 


inches, target 


creased size of image (approx. 2 X): 3 ma., 


5 seconds, target-image distance, 
film distance, 15 inches. 


ty 


Vor 6, No 


the source and the film, the image will be 
greater in area than the object in the ratio 
as the square of the distance of the source 
to image is to the square the distance of 
the source to object. 

In Figure 56 are shown two large dental 
films: 4, exposed at 40 kv., 30 ma., 25 
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15 inches from the target. Film 4 has 
brilliant contrast and the usual sharpness 
of image; film B has greatly diminished 
contrast and instead of sharp boundaries, 
the image is fuzzy, entirely destroying the 
hope of precision measurements even 
though the image is enlarged approxi- 


Fic. 


A. “Dupli-tized x-ray film.’’ Note contrast sharpness and image size, 30 kv., 


60 seconds, objects laid on film, target-film distance, 30 inches. 

B. “Dupli-tized x-ray film.’” Note decrease ir contrast and sharpness by 3/2 X 
increase in image size; 56 kv., 10 ma., § seconds, target-object distance, 50 
inches, target-film distance, 70 inches. 


C. “Dupli-tized x-ray film.”’ Note added loss of contrast and sharpness but 2 X 


increase in image size; 56 kv., 


io ma., § seconds, target-object distance, 


40 inches, target-image distance, 70 inches. 

D. “Dupli-tized x-ray film.’’ Note almost total loss of contrast and sharpness, 
accompanying a 3 X increase in image size; 56 kv., 10 ma., § seconds, target- 
objective distance, 25 inches, target-film distance, 70 inches. 


seconds, with the tooth slabs and pene- 
trometers laid on the film (black paper- 
wrapped) and the target-film distance of 
30 inches; B, exposed at 30 kv., 30 ma., 
5 seconds, with the penetrometer and tooth 
slab 7 inches from the target and the film 


mately 2x. The fuzziness is doubtless at- 
tributed to the penumbra since the source 
is an area of significant magnitude on the 
target face, when such short distances are 
used. 

In Figure 57 are shown four “‘dupli-tized 


S4- 


x-ray films:” (4) exposed at 3okv., 30 ma., 
6 seconds, objects laid on film, target-film 
distance 30 inches; (8) exposed at 56 kv., 
io ma., § seconds, target-object distance 
50 inches, target-film distance 70 inches; 
(C) exposed at 56 kv., 10 ma., § seconds, 
target-object distance 40 inches, target- 
film distance 70 inches; (D) exposed at 56 
kv., 10 ma., § seconds, target-object dis- 
tance 25 inches, target-film distance 79 
inches. In film 4, the usual contrast and 
sharpness are found; in films B, C and D 
a sharply decreasing contrast and sharp- 
ness are observed which in D results in an 
almost shapeless and unidentifiable blur 
instead of a tooth slab image. The magni- 
fication obtained is 1 in 4, 13 X in B, 2X 
in C, and 3X in D. It is evident that the 
distortion and fuzziness which accompany 
magnification by means of direct roentgen- 
ray enlargement produce such a severe loss 
of contrast and sharpness as to render this 
method of attack impractical under the 
conditions of our work. 

In this connection it should be pointed 
out that for sharp detail a long enough 
target object distance should be used to 
give a beam of radiation in effect perpen- 
dicular to the plane of the film and object. 


30 


25 


o 


NUMBER OF FILMS 
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Kic. 58. The fog densities read in 111 films are 
plotted as abscissae against the number of films 
in which a given fog density was found. The curve 
at the left represents the fog densities in 18 films 
described in paper m1 under “change of milli- 
amperage.” The average fog density is 0.25 density 
units. 
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This limits the size of the field to the “cen 
tral’’ portion of the beam. (see discussion 
on focus and placing of tooth slabs). 


D. FOG 

log in unexposed areas of film is said by 
Neitz to be due to developable grains aris- 
ing (a) from light, radioactivity and 
chemical nucleation (so-called. ‘‘emulsion” 
fog) and (4) from some specific qctian of 
the reducing solution (so-called ““chémical” 
fog). It has long been recogriized !that fog 
is not distributed uniformly over a film 
having areas of various densitiesf in fact 
Neitz obtained experimental dataj indicat- 
ing that fog decreased in a linear fashion 
under increasing densities of film. He 
offered a relation of the 
(page 145),, Where the fog 
density, k, a negatiyé\cénsttfag D,, the 
image density where Fhe fég%s béing calcu- 
lated and D,., the image density sufficiently 
great to make the fog density negligible. 
However, he also offers experimental data 
which seems tojshow that this expression 
holds over a Hmited low image-density 
range and that above a certain density the 
fog may be considered constant. Wilsey* 
assumes that the fog under a given density 
is proportional to the mass of silver unaf- 
fected by exposure. 

We assume that the fog 
or dentine images is of nearly the sdMme 
density as the fog under the corresponding 
thickness of Al and that fog corrections 
are unnecessary. For the purpose of check- 
ing the amount of fog and its variation 
from film to film a fog density measurement 
was made in 111 films. These films were 
treated in exactly the routine way and, in 
fact, represent a random sampling from 
films taken over a period of 2 years and 
exposed under widely differing conditions. 

In 18 of the films, all taken the same day, 
and discussed under “‘change of milli- 
amperage’ (see paper 111), the fog densities 
average 0.056 density units and seem to 
have a normal distribution (Fig. 58) around 
the average—excepting a single value at 


* Wilsev, R. B. Photo. F., 1925, 65, 454. 
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0.20. Why all these films have so low fog 
densities is not known, possibly herein lies 
the reason for the slightly higher inter- 
polated values for dentine observed. No 
correlation could be shown between fog 
and film density under no aluminum. 

The remaining 93 films have fog den- 
sities grouped ina fairly normal distribution 
around the average value of 0.25, the 
values ranging from 0.11 to 0.40 density 
units, {n none of these films was the film 
density read; however, in 8 films in which 
the densities of Step 1 were approximately 
equal, fog densities of 0.19, 0.19, 0.21, 0.32, 


0.33,°and 0.34 discrediting any close con- 


nection between fog and total exposure. If 


an unexposed “‘dupli-tized x-ray film”” is 
developed according to the specifications 
given, a fog density will be found of a 
magnitude of approximately o.1 density 
units. In order to test whether higher fog 
densities found are a result of the exposure 
to roentgen radiation, a series of films were 
exposed at 30 kv., 30 ma., 15 inches, 0.2 
seconds, wrapped in black paper. A 5” x7” 
film was cut into three pieces, one of these 
was left in the dark room and received no 
radiation; a second was exposed in the 
usual fashion. On the third was placed the 
two penetrometers and a tooth slab and a 
sheet of one-sixteenth inch lead was super- 


posed. The lead sheet had 2 slits about 


11 X38 mm. which allowed an exposure of 


the center part of each step of the pene- 
trometer and also a hole of 4 mm. diameter 
which was centered above a large homo- 
geneous area in the dentine. The three films 
were developed in the usual manner, simul- 
taneously. The procedure was carried out 
in triplicate. 

og densities in the films unexposed to 
any radiation averaged 0.12, 0.12, and 0.12 
in the three films, respectively. In the films 
exposed as usual, typical D-T curves were 
found in which the average I.V. per unit 
thickness for the dentine were 0.97, 0.98, 
and 1.00, respectively; typical values. In 
the lead-sheet protected films, typical D-T 
curves were found which were similar in all 
respects to and almost coincident with 
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those of the “usual” exposures. The aver- 
age I.V. per unit thickness of dentine was 
0.98, 1.00 and 0.98, respectively, values in 
entire agreement with those from the 
“usual” exposures. However, the fog den- 
sities in the areas protected by the lead sheet 
average 0.20, 0.19, and 0.19 respectively, 
values approximately double those of the 
unexposed film, and of the magnitudes 
shown in Figure 58. The inference is in- 
escapable that the high fog densities re- 
ported in this section arise from scattered 
or secondary radiation and are not at- 
tributable to “chemical” fog alone. 

While a number of methods have been 
proposed for the estimation of the degree 
of fog associated with a given image den- 
sity, these methods all involve assumptions 
not yet thoroughly tested experimentally. 
In any case, the fog under the enamel or 
dentine images should, in general, be the 
same as the fog under the corresponding 
thickness of Al, and therefore, should not 


affect the I.Vs. 


E. AREA OF FILM BETWEEN THE 
PENETROMETERS 

In the first experiments made in an effort 
to obtain an Al equivalent for enamel and 
for dentine we believed it feasible to place 
a large number of tooth slabs (Fig. 63) ona 
correspondingly large film (8” 10”) and 
by having the large penetrometers (Fig. 
25) on either side of the film the D-T curve 
(for average D.Rs. on the various steps of 
the penetrometers) could be used to in- 
terpolate all the D.Rs. in all the tooth 
images thereby saving considerable labor 
in plotting. 

The predictable disadvantages of this 
procedure, i.e., differences in exposure (field 
inequalities), the differences in total emul- 
sion thickness, and differences in develop- 
ment from one side to the other of the film, 
and probably penumbra effects, were found 
to be realized to such an extent as to com- 
pletely outweigh any advantages in labor 
saved. Hence, at the time as we reduced 
the size of the penetrometers (Fig. 25), we 
also reduced the distance on the film be- 


544 

tween the penetrometer and the tooth 
images in an effort to get away from all 
save local or “‘spot”’ film effects. This pro- 
cedure (Fig. 64) was much more satis- 
factory but left room for variation due to 
the changing field. Since the tooth slabs 


\ portion of the left side of a large roent 
which the large 
(center in Fig. 25, paper tv) 


genogram in penetrometers 
were placed on the 
" film with about 40 tooth slabs 


between them. This arrangement was soon dis 


edges of an 8” X1 
carded in favor of that shown in Figure 64. 


were placed on each side of the penetrom- 
eter, a gradient across the tooth slabs and 
penetrometers could be discovered but not 
corrected for. 

This difficulty was removed by cutting 
the penetrometers in half lengthwise (Fig. 
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65) and placing the tooth slabs between 
the halves. Any gradient across the pene- 
trometers is not only noted but automati- 
cally corrected for by using an average D.R. 
from side to side. The only unaccounted 


ic. 64. A smaller penetrometer with 6 slabs around 
it. This arrangement permitted the discovery of 
film density gradients but prohibited correction 
for them; therefore the arrangement shown in Fig- 
ure 65 was devised. 


Kic. 65. Three to 5 tooth slabs are placed between 
two penetrometers and the whole set-up is roent- 
genographed in triplicate. By discarding obviously 
false values, or repeating the exposures, inter- 
polated values may be reproduced with a maxi 
mum of precision. 


factor remaining is the occasional presence 
of small spots of greater or lesser density 
which are found now and then in any film 
and whose appearance is entirely by chance 
and completely unpredictable. Even this 


| =3 
= 


Vol 20, Ni 4 


factor may be obviated by the simple ex- 


pedient of taking exposures in triplicate of 


all tooth slabs. The reproducibility of I.Vs. 
using this procedure has been found to be 
about § per cent in error (Warren et al.). 
By the additional stipulation that any film 
is to be discarded if the variation in D.Rs. 
across the thinnest step (greatest density 
in film) exceeds 0.05 density units from 
the left hand side of the left penetrometer 
to the right hand side of the right pene- 
trometer the error of reproducibility is 
found to be less than } per cent. 


F. TISSUE IMAGE DENSITY VS I.VS. 


The relation of D.R. to the I.V. was 
mentioned in paper II, B, in connection 
with the discovery that the cardboard 


cassette was responsible for the marked de- 
crease in the I.Vs. for enamel as the kilo- 
voltage was from 40 to 30. 
Further evidence of the tendency for I.Vs. 
(enamel) to decrease with decreasing kilo- 
voltage is seen 1n igure 66, where the 


decreased 
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ic. 66. When the densities read in enamel and in 
dentine in a number of “‘radia-tized dental films” 
are plotted as ordinates against the I.Vs obtained 
from the densities, there is seen to be no relation 
between densities and I.Vs. in dentine, but a ques- 
tion of lowered I.Vs. in extremely low density 
ranges in enamel. 
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kKic. 67. When the D.Rs. in the enamel and in the 

dentine in about 60 “‘dupli-tized x-ray films’’ are 

plotted against the derived I.Vs. no relation can 

be shown for either enamel or dentine between 


D.R. and I.V. 


I).Rs. in the series of “‘radia-tized dental 
films.”’ The I.Vs. in the dentine plotted 
against the D.Rs. obtained show no evi- 
dence of change either with kilovoltage or 
with the actual density in the film image. 

In Table Lxxvut are collected the D.Rs. 
and the respective I.Vs. from all of the 
films in which tooth No. 1 was exposed at 
30 kv., 30 ma., various distances and cor- 
responding exposure times, no tube stand 
filter, and black paper-wrapped, “‘dupli- 
tized X-ray films.” The D.Rs. range in the 
enamel from 0.37 to 1.93 density units, in 
the dentine from 0.65 to 2.45 density units. 
The I.Vs. range in the enamel from 1.25 to 
1.48 mm. Al, in the dentine from 0.74 to 
0.89 mm. Al. However it is at once ap- 
parent from the graphing of D.Rs. vs I.Vs. 
(Fig. 67) that there is no “‘trend”’ of I.Vs. 
to change with changing magnitudes of 
density in the film image of either tooth 
tissue. Thus, within the limits of correct 
exposure photographically (later paper) 
there is no reason to believe that the 
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density of the film image has any influence 
on the magnitude of the I.V. 


G. VISUAL ACCOMMODATION AND 


DENSITOMETER ERROR 


FATIGUE; 


To an investigator beginning the use of 


the Capstaff-Purdy densitometer the pos- 


H. C. Hodge, G. Van Huysen, R. B. Wilsey and S. L. Warren 


OcroBER, 19 36 


D.Rs. was studied under a variety of light 
conditions and repetition of readings of the 
same film areas were made on several days. 
There is no regular error introduced by the 
personal equation, nevertheless the magni- 
tude of the instrumental error ts illustrated, 
therefore sample data are included. 
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D.R. VS I.V. 30 KV., 30 MA., SOME AT I1§ INCHES AND { SECONDS AND OTHERS AT 30 INCHES AND 1O SECONDS. 
NO FILTER, BLACK PAPER-WRAPPED FILM 
Dentine Enamel Dentine knamel 
D.R. DR. LV. D.R. D.R. 
1.06 73 72 ». 82 1. 3d 
1 .O4 ». 33 72 -79 1.4 
73 1.31 1.67 1.18 1.38 
7 82 1.18 78 1.4 
1.4! 1.4 84 1.41 
72 73 1.32 1.42 
54 6 1.438 .83 1.05 
1.348 74 1.345 .42 4 
1.47 dC 1.3 2.45 1.94 1.34 
82 SY 2.34 8g 1.37 1.4 
8 1.26 1.26 78 .d4 
1.48 .79 . gc 1.28 ‘3 76 .8C 1.46 
1.42 8 88 2.04 77 .43 
1.46 738 1.28 —6 1.28 1.35 
1.49 .78 [.31 73 77 44 
7y 63 1.36 1.29 76 
1.06 82 1.36 76 9.67 1.28 
1.34 $2 74 9 7C 
1.23 83 73 1.49 80 88 
“6 6y 1.39 1.48 1.28 
1.22 76 61 1.48 gc 1.28 
1.28 77 1.35 1.42 Re 88 .27 
dC 1.42 1.49 73 YJ 1.3! 
1.64 $3 re 1.38 1.46 78 ). 8g .27 
86 1.08 1. 3g 88 
1.45 84 1 .O4 1.43 1.29 972 
1.§8 8 1.0! 1.4 .22 76 1.28 
Fy. 1.42 7 1.28 


sible criticism arises that the personal equa- 
tion may influence the magnitude of the 


D.Rs. It seemed to us that the effect of 


some of the factors of the personal equation 
such as retinal accommodation or retinal 
fatigue, presence or absence of extraneous 
light in the room, muscle skill or muscle 
fatigue might be experimentally tested. 
Consequently the reproducibility of the 


One film of the series of 6 identical ex- 
posures was chosen as having a typical 
D-T curve and as being approximately of 
the degree of density which we regarded as 
satisfactory. The D.Rs. were at first made 
on the dentine step tablet on September 3, 
1932. D.Rs. were recorded for each step 
and the averages were plotted against the 
proper thicknesses of aluminum. (The 
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D.Rs. were made on the left hand, center, " 
and right hand areas of each step.) 
lo test the effect of varying conditions 
of light in the room, the densitometer was) | Eee 
- . 5 
transferred to a dark room and on Sep- | 
tember 6, 1932, a series of measurements 
were made reading the dentine step tablet § 
on the left hand side only of Steps 1 to& = ~ Let 
having, at first, the room brilliantly illu- | 
minated by means of flood lights. The lights 
were then turned out and D.Rs. made in 
rotation on Steps | to 8 inclusive, using a 0 70 20 36 


TIME IN MINUTES 


shaded light source. As soon as the reading 
on Step 8 had been made, a reading was "!6- 68. D.Rs. in the various steps of the penetrome- 

‘ ter are plotted as ordinates against the time of 
reading in a procedure involving the repeated 
serial reading of the steps under different lighting 


made in Step 1 and this process continued 
7 times (see Table txxvitt). The flood 


lights were then turned on again and, after conditions. The variations in the lines indicate the 
two or three minutes, another series of magnitude of reproducibility of reading on these 
readings in Step | to 8 inclusive, were films, while the horizontal nature of the lines indi- 


cates that the room illumination has no influence 


S y ¢ ). S. ac step. 
made, thus giving 9 D.Rs. in each stey on ths of 


On September 7 the same procedure was 
again carried out, one reading in each step fore the lights were turned out, g similar 
of the same step tablet being recorded be- series in a darkened room and a final series 


Taste LNXVIII 
READINGS TO TEST ACCOMMODATION AND FATIGUE OF OBSERVER’S EYE— MINUTE SERIES G/ 6/32 
Lights on Lights Out Lights On 
4:27 P.M. 4°33 4:36 4:39 4:42 4:45 4:48 4:52 4:55 
Step D.R 
1 1.82 1.82 1.88 1.87 1.86 1.85 1.82 1.86 1.87 
2 1.65 1.68 1.67 1.68 1.69 1.68 1.69 ‘7 | 1.69 
4 .44 1.45 1.46 1.48 1.44 1.44 1.46 1.46 
1.35 1.35 1. 36 1.34 27 1.34 1.34 
7 1.16 1.19 1.18 1.18 1.16 1.19 1.16 
8 1.08 1.08 1.08 1.08 1.07 
20 MINUTE SERIES 9/7/32 
Lights on Lights Out Lights On 
Step D.R. 
I 1.86 1.84 1 .8C 1.31 1.81 1.82 1.86 1.80 1.83 1.80 1.84 
2 1.67 1.68 1.69 1.68 1.69 1.69 1.69 1.69 1.67 1.68 1.69 
3 1.$4 1.55 1.56 1.56 1.56 .§2 1.65 
4 1.46 1.43 1.44 1-43 1-42 1.46 1.43 1.43 1.45 1.45 
6 1.29 1.26 27 1.28 1.28 1.26 
7 1.16 1.18 1.18 By, 1.18 1.16 1.19 1.14 
8 1.07 1.12 1.1 1.10 1.10 1 .Og 1.10 


| ivhts on for 15 seconds 
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a few minutes after the room was re-illu- 
minated (see Table txxviit). 

When the D.Rs. were plotted against 


time in minutes as abscissae two series of 


more or less concurrent, irregular, criss- 
cross lines were obtained (Fig. 68) in which 
data for the twenty minutes’ sequence are 
represented by circles and for the thirty 
minutes’ sequence by squares. The lines 
for both the twenty minute and 3) minute 
sequence on any given density ordinate run 
close together, fairly parallel to the base 
line and clearly separated from the lines 
representing the readings on another step. 
The irregularities may be ascribed in part 
to the error in the densitometer and in part 
to the spottiness of the film. In turn the 
densitometer error may be ascribed par- 
tially (a4) to attempts at measurement be- 
yond the acuity of the retinea, (4) to the 
observer’s inability to maintain quantita- 
tively in his muscle reflexes in redetermin- 
ing the exact spot at which the densitom- 
eter field is uniform. The fact that the lines 
(Fig. 68) lie in bands practically parallel 
to the base line indicates that the brilliancy 
of illumination around the densitometer or 
the comparative darkness in which the 
procedure is carried out has no effect on 
the magnitude of the readings. It was ob- 
served, however, that readings are made 
much more easily when the illumination 
around the densitometer is not too bright. 
The horizontal nature of these lines also 
indicates that in periods up to thirty 
minutes continual readings have little or no 
effect upon the state of fatigue of the retina 
and the accommodation of the observer’s 
eye. Nevertheless, it may be that fatigue 
and accommodation of the observer’s eye 
produced effects which were marked by the 
variations in the magnitude of the densities 
due to the variation in film or to the pre- 
cision of the densitometer. Moreover, the 
illumination through the photometric head 
of the densitometer is probably great 


enough to preclude the necessity of accom- 
modation to different degrees of illumina- 
tion of the room in which densitometer 
readings are being made. Therefore, in our 
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opinion, the factors of accommodation of 
the eye and response of the eye to various 
lighting conditions in the room in which 
D.Rs. are being made are negligible, pro- 
ducing no noticeable effect on the repro- 
ducibility of our data. 

The D.Rs. plotted in Figure 68 may be 
used to study the magnitude of the error of 
the D.Rs. In Table Lxxix are given the 
summarized results of a statistical evaluz- 
tion of the densitometer precision of the 
basis of the reading referred to above. The 
average D.R. for each step is given to- 
gether with the standard deviation about 
the average. The significance of the stand- 
ard deviation may be broadly stated 
follows: within the limits of the average 
plus or minus the standard derivation lie 79 
per cent of the values taken to obtain the 
average. Thus, in Step 6, for example, 70 
per cent of the values read in Step 6 lie 
in the range 1.26+0.01 density units. It 
may be seen that generally speaking a given 
D.R. average may be approached within 
0.02 density units in a single reading. In 
reading a density of 2.00 the error of the 
densitometer will not be greater than 1 per 
cent. A precision of this order was re- 
ported in the original communication of 
Capstaff and Purdy.* 

In discussing the reproducibility of 
densitometer readings Capstaft and Purdy 
say as follows: 

“The performance of the instrument was 
tested by measuring a number of uniform densi- 
ties separately and then in pairs. It was found 
that the superimposed pairs agree within 0.02 
of the arithmetical sum of the single densities. 
Similar agreement was found when three pairs 
of densities were superimposed. A further test 

was made by exposing a photographic plate un- 
der these neutral dye densities, and giving ex- 
posures through various pieces as indicated by 
the measured values, so that the developed 
plate would have a uniform density if the meas- 
urements were correct. Several trials were 
made, and in each case it was found that the 
measured density corresponded to within 0.02 
of the printing density.” 

* Capstaff and Purdy. 
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CONCLUSIONS 

1. Under the conditions of our work, 
retinal fatigue or accommodation, extrane- 
ous light, or muscle skill or fatigue are 
shown to have no regular effect on the re- 
producibility of densitometer readings. 

2. The densitometer readings may be re- 
produced within 0.02 density units. 


SUMMARY 


1. I.Vs. for enamel and for dentine are 
found to be of constant magnitudes 
whether special fine grain plate, “radia- 
tized dental film,” lantern slide, com- 
mercial panchromatic process film or 
“dupli-tized x-ray film”’ is used to record 
the roentgen-ray absorption of the tissues. 

2. Photographic enlargements (14 X) of 
any of the above films proved to be un- 
satisfactory for-precision study. 


Roentgen-Ray Absorption of Tooth Slabs 


$49 
3. Direct enlargement by the roentgen- 
ray beam resulted in fuzzy images and was 
discarded as a possible method of studying 
tissue changes limited in area. 

4. Fog may be of different magnitudes 
under the enamel and under the dentine 
images but the interpolation automatically 
removes any effect on the relative I.Vs. 

5. By placing a few tooth slabs between 
two penetrometers of relatively fine dimen- 
sions and by exposing in triplicate the 
effect of spots and other small defects in 
films may be discovered and false I.Vs. dis- 
carded. 

6. Within the limits of correct exposure, 
there is no dependence of I.V. on D.R. for 
enamel or for dentine. 

7. The personal equation does not enter 
as a factor (up to the point of fatigue) in 
measuring densities with the Capstaff- 
Purdy densitometer under our conditions. 
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THE ANNUAL MEETING 


HE American Roentgen Ray Society 

is the oldest organization of radiolo- 
gists in this country. Its first meeting was 
held in St. Louis in 1900. This year’s an- 
nual meeting, the thirty-seventh in its 
history, was held in Cleveland, Ohio, at 
the Cleveland Hotel, from September 29 to 
October 2, under the presidency of Dr. 
Charles A. Waters. Every feature of this 
meeting stamps it as one of the best the 
Society has held. The printed program in 
addition to containing the usual infor- 
mation about the officers of the Society, 
the meeting place and the scientific pro- 
gram, carried forewords from the President 
and President-elect which were in them- 
selves a happy augury of the type and 
quality of the meeting which followed.The 
scientific program was acomprehensive one, 
dealing with every phase of radiology in 
medicine. The papers dealing with the 
clinical, diagnostic and therapeutic prob- 
lems in roentgenology were of the highest 
order and Dr. Waters and his program 
committee are to be congratulated upon 
the arrangement and grouping of the papers 
which enabled members of the Society and 
their guests who were unable to attend all 
the meetings to select those in which they 
were particularly interested. On Tuesday 
the papers dealt with roentgen studies of 
the gastrointestinal and biliary tracts; in 
the morning and in the afternoon of Tues- 
day there was a great symposium dealing 
with the clinical aspects of adenomas of the 
pituitary in which the place of irradiation 
in the treatment of pituitary adenomas and 
pituitary basophilism was given and also 
the effect of irradiation in gliomas of the 
brain and the effect of irradiation on nor- 
mal cells as determined by the blood count, 


and last but not least of the papers given 
on Tuesday was the one on the care of the 
cancer patient, which evoked considerable 
favorable comment and discussion. 

The Caldwell Lecture, a feature of the 
annual meetings of the Society, was given 
this year by Dr. Robert A. Millikan on 
“High Energy Radiations and Their Uses.”’ 
Wednesday the scientific program in the 
morning hours was given over to diseases 
of the skeleton dealing particularly with 
Hodgkin’s disease and allied conditions of 
bone, the generalized form of Boeck’s sar- 
coid and a group of papers on Paget’s 
disease and its probable etiology. Wednes- 
day afternoon was given over entirely to 
radiation therapy and the physics of radia- 
tion. The scientific program on Thursday 
covered a whole range of subjects dealing 
with the mediastinum, the pericardium and 
heart; the physiologic consideration of 
ileus; the rdle of the sex hormones in the 
radiation treatment of menstrual disorders; 
the endocrines and irradiation in experi- 
mental hypertrophy of the prostate; the 
roentgen therapy of infections and inflam- 
mations, and the treatment of epithelioma 
in the region of the ear. The Friday scien- 
tific program covered a large group of papers 
dealing with all phases of roentgen diag- 
nosis and treatment, among which was a 
preliminary report on cine-fluorography ; 
the oblique projection of the thorax, an 
anatomic and roentgenologic study; and a 
symposium dealing with a clinical and 
roentgenologic study of low back pain with 
sciatic radiation which represented one of 
the highlights of the meeting. In this sym- 
posium was given the paper by Drs. Hamp- 
ton and Robinson on the lipiodol diagnosis 
of rupture of the intervertebral discs into 
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the spinal canal, a paper which is epoch- 
making in its importance and in its thor- 
oughness. 

A great stimulus to the participants in 
the scientific program was the large at- 
tendance at all of the sessions. The Society 
had a larger number of registrations than 
at any previous meeting and this in itself 
added greatly to the success of the meeting. 

Under the chairmanship of Dr. Downs 
the scientific exhibit committee had ar- 
ranged one of the best exhibits the Society 
has ever had. Not only was the selection of 
the exhibits admirable but the grouping of 
the various exhibits into their anatomical 
and pathological relationships facilitated 
the study of the exhibits. Dr. Waters and 
his program committee quite wisely fol- 
lowed the precedent established last year 
of allowing a few hours from the scientific 
program to permit a study of the scientific 
exhibits. It is hoped that this custom will 
be followed at the future meetings of the 
Society as an unusual opportunity 1s 
offered for acquiring a great deal of infor- 
mation, especially when the exhibits are 
discussed by the exhibitors. 
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The usual social amenities of the meeting 
were most pleasant and included the Stag 
Party on Wednesday evening and the 
Banquet on Thursday evening. The Local 
Committee had also arranged many enter- 
tainments for the wives of visiting mem- 
bers. Mention should also be made of the 
Golf Tournament arranged by the Local 
Committee and held on Monday, which 
was a most enjoyable occasion. 

The commercial exhibits were of the 
highest order and the Society through its 
Journal desires to express to the various 
exhibitors its great appreciation for the 
quality and scope of the exhibits. The rapid- 
ity with which changes are taking place 
in the construction not only of machines 
but of roentgen tubes themselves war- 
ranted a careful study of the commercial 
exhibit. 

An account of the meeting would not be 
complete without mention of the Cleveland 
Hotel, whose physical arrangements and 
the courtesy and efficiency of whose staff 
contributed much toward making this one 
of the most pleasant and profitable meet- 
ings in the Society’s history. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep Srates OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. F.. P. Pendergrass, University Hospital, 
Philadelphia, Pa. Annual Meeting, 1937: To be an- 
nounced. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. B. H. Orndoff, 2561 N. Clark Street, 
Chicago, II]. Annual meeting: Atlantic City, N. J., 
June, 1937. 

Secrion on RapioLoGy, AMERICAN MEDICAL ASsoOcIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Atlantic City, N. J., June 9-11, 
1937+ 

RapioLocicat Society oF NorTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N.Y. Annual meeting: Cincinnati, Ohio, Nov. 30- 
Dec. 4, 1936. 

RADIOLOGICAL Section, BALTImorE Crry MeEpicaL Society 
Secretary, Dr. Howard H. Ashbury, Baltimore. Meets 
third Tuesday each month, September to May. 

RapioLtocicaL Secrion, Connecricut Srate Mepicar 
Sociery 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets annually in May. Special meetings may be 
called by the Chairman. 

RapioLocicaL Secrion, Los ANGELES County MEDICAL 
Society 
Secretary, F. N. Liljedahl, Los Angeles, Calif. Meets on 
the second Wednesday of each month at the County 
Society Building. 

RADIOLOGICAL SEcrioNn, SovrHERN MEDICAL AssoctraATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. Annual 
meeting, Baltimore, Md., Nov. 17-20, 1936. 

Brooktyn Ray Sociery 
Secretary, Dr. E. Mendelson, 120 FE. 19th St., Brooklyn, 
N. Y. Meets monthly on first Tuesday, October to April. 

BuFFALo RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Yr Joseph S Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. Meets second Monday of 
each month except during summer months, place of 
meeting selected by the host. 

CuicaGo ROENTGEN SOCIETY 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. Meets 
second Thursday of each month October to May inclu- 
sive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. H. G. Reineke, General Hospital Cincin- 
nati, Ohio. Meets third Monday of each month, Oc- 
tober to Mav, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. North W. Shetter, 14600 Detroit Ave. 
Meetings are held at 6: 30 p.m. at the Cleveland Chamber 
of Commerce Club rooms on the fourth Monday of each 
month from October to April, inclusive. 

Denver RapioLocicaL CLuB 
Secretary, Dr. K. D. A. Allen, 452 Metropolitan Building, 
Denver, Colorado. Meets on any month having a fifth 
Monday. 

Derrorr Ro—ENTGEN Ray AND Rapium Society 
Secretary, Dr. E. RK. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May at 
Wayne Country Medical Society Building. 

FLoripa Si ATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Harold O. Brown, Tampa, Florida. 
Meetings held twice a year, May and November. 

[LLino1s RADIOLOGICAL SOCIETY 
Secretary, Dr. Cesare Gianturco, 602 W. University Ave., 
Urbana, Ill. Regular meetings held quarterly. 


INDIANA ROENTGEN Society 
Secretary, Dr. C. C. Taylor, Indianapolis, Ind. Meeting 
held the second Sunday in May annually. 

Lone Istanp RapioLoaicaL Society 
Secretary, Dr. S. G. Schenck, 115 Eastern Parkway, 
Brooklyn, N. Y. Meets on third Thursday of each month 
from October to May, at 8:30 P.M. 

MICHIGAN AssoOcIATION OF ROENTGENOLOGISTS 
Secretary, Dr. C. S. Davenport, St. Lawrence Hospital, 
Lansing, Mich. Three meetings a year, Fall, Winter, and 
Spring. 

MiLwavukKEE RoENTGEN Ray Society 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. Meets monthly. Place of meeting designed 
by the president. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. 

Nesraska Srave Society 
Secretary Dr. D. A. Dowell, Med'cal Arts B'dz., Omaha, 
Nebr. Meets third Wednesday even nz of each month. 

New Roevrcen Ray Society 
Secretary, Dr. E. C. Vozt, 300 Lonzwood Ave., 
Boston, Mass. Meets monthly on third Friday, Boston 
Medical Library. 

Society or New JERSEY 
Secretary, Dr. P.S. Avery, New Brunswick, N. J. Meets 
annually at time and place of State Medical Society. Mid- 
year meetings at place designated by the president. 

New York ROENTGEN Society 
Secretary, Dr. E. F. Merrill, 30 W. soth St., New York. 
Meets monthly on third Monday, New York Academy 
of Medicine, at 8:00 P.M. 

Roenrcen Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

Centrat New York Roentrcen Ray Sociery 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syra- 
cuse, N. Y. Three meetings a year—January, May, and 
November. 

Paciric RoENTGEN CLuB 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of Cali- 
fornia Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, Williamsport, Pa. Two day 
annual meet nz he'd in May or June. Time and p.ace 
of next meet nz to be announced iater. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.m. in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

RocHestER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Camp C. Thomas, 476 Lake Ave. Meets 
on second Thursday from October to May, inclusive, 8 
p.M., Rochester Academy of Medicine Building. 

Sr. Louts Roentcen Ray Society 
Secretary, Dr. P. C. Schnoebelen, Missouri Bldg., St. 
Louis, Mo. Meets first week of each month. Time and 
place of meetings designated by president. 

SoutH Caroumna X-Ray Society 
Secretary, Dr. R. B. Taft, tos Rutledge Ave., Charleston. 
Meets at time and place of South Carolina State Medical 
Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 
Texas Rapro.ocicat Society 
Secretary-Treasurer, Dr. J. H. Smith, Lubbock, Texas 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. 
Universiry or MicuicaAn DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Secretary, Dr. C. B. Peirce, University Hospital, Ann 
Arbor, Mich. Meets each Monday evening from Septem- 
ber to June, at 7 p.m. at University Hospital. 
University oF Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. FE. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 
ViroiniA Roentcen Ray Cius 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. 
Meets annually in October. 


CuBa 


SociepaD CuBANA DE Rapio.ocia FisioTERAPIA 
Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


British Empire 


Barish InstiruTE oF RapioLtocy INCORPORATED WITH 
THE RONTGEN SociETY 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 p.M., at 32 Welbeck St., 
London, W. 1, or as advertised. 

Section or RapioLtocy or THE Roya. Society or 
Mepictne (Conrinep to Mepicat MemBers) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine, 
1, Wimpole St., London, W. 1. 

Section or anp Menpicat E ecrricity, Avs- 
TRALASIAN Mepicat Conoress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British Mepicat Association 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to Nov. incl. for scientific discussions. 

Section on Rapio.tocy, CAnapiAn Mepicat AssociaTION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 

int. 

Section, New ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, 
church. Meets annually. 


Christ- 


ConTINENTAL Europe 


Society or RoOENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 

Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 

SocieEDAD EspANOLA DE RapIoLocia ELEcCTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7, Madrid, 
Spain. Meets monthly in Madrid. 

Société pe RapioLocie MépicaLe pe 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 

Société Suisse RapioLocie (ScHWEIZERISCHE R6nrt- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molz- 
asse, Biel. 
eets annually in different cities. 

Sociéré Francaise pv’ ELectroTHERAPIE ET DE RapioL- 
MépIcaLe 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 
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ASSOCIATION OF GERMAN ROENTGENOLOGISTS AND Rapt- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, 
Prague, 11.52. 

DeutscHe ROntTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Siip- unp WEsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Norp- unD OsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutca Society or ELecrrotocy ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Socreta RaproLocia MEpIcA 
Secretary, Professor M. Ponzio, University of Turin, 
Turin. 

SocieTATEA RoMANA DE Rapi0Locie s1 ELECTROLOGIE 
Secretary, Dr. G. Gatoschi, Str. Isvor 14-16, Bucarest. 
Meets second Monday in every month with the ex- 
ception of July and August. 

A.t-Russian Roentcen Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock State Insti. 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.tsH Society or RaDIOLocy 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Society or RADIOLOGY 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime. 

Society oF Mepicat Rapiotocy 1n SwEDEN 
Meets in Stockholm. 

Society or Mepicat Rapiotocy 1n Norway 
Meets in Oslo. 

Society or Mepicat Rapio.ocy 1n DENMARK 
Secretary, Dr. G. Biering, Copenhagen. 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the State 
Institute of Roentgenology. 

Society or Mepicat 1n 
Meets in Helsingfors. 

VIENNA ROENTGEN SOCIETY 
Meets first Wednesday of each month, at 6.30 P.M. at 
Zentral-R6ntgen Institut des allgemeinen Krankenhauses 
Alserstrasse 4. 


German University, 


Simonson. 


OrIENT 


Japan X-Ray AssociaTION 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 

Kink1 Roentcen-ABEND Society 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto 
Japan. Meets bi-monthly on third Sunday. 
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THE SCIENTIFIC EXHIBIT 


HE committee responsible for the 

Scientific Exhibit given in conjunction 
with the meeting of the American Roentgen 
Ray Society held in Cleveland, September 
29g to October 2, 
Dr. W. E. Chamberlain, Dr. S. W. Don- 
aldson and Dr. EK. E. Downs, Chairman. 
That they felt keenly their responsibility in 
this matter was shown in the exhibit which 
began to emerge from chaos on Saturday 
and assumed full form on Monday after- 
noon. It was a beautifully arranged exhibit, 
seemingly endless in its extent, and of im- 
measurable value scientifically. Dr. Downs, 
who devoted a great amount of time 
throughout the year to the many details 
connected with the exhibit, and his com- 
mittee deserve the thanks of all those who 
were privileged to take what really 
amounted to an extensive post gr raduate 
course in all branches of radiology. The 
following attempts to give some idea of the 
scope and value of this exhibit. 

An exhibit by Dr. C. G. Dyke and Dr. 
Leo M. Davidoff, Neurological Institute 
of New York was entitled “‘Encephalog- 
raphy and Ventriculography.” Its purpose 
was to outline normal cerebral structures 
and also to show a number of pathological 
cerebral conditions which can be diag- 
nosed from the encephalogram and ven- 
triculogram. 

Dr. V. C. Johnson and Dr. Carl List, 
University of Michigan, Ann Arbor, had 
an exhibit on “Diagnostic Roentgen Signs 
of Obscure Brain Tumors.” In this ex- 
hibit were shown ventriculograms, sup- 
plemented by sketches and _ schematic 
drawings demonstrating and explaining 
characteristic deformities produced by 
proved tumors of posterior third ventricle, 
brain stem and posterior fossa. 

Another exhibit in this group was “Brain 
Tumors Demonstrated by Ventriculo- 
grams” by Dr. Edward C. Koenig, Buffalo 
General Hospital, Buffalo, New York. 
This consisted of ventriculograms showing 
the brain tumors and illustrations of the 
tumors removed. 
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In the group of exhibits on the chest was 
one by Dr. Eugene Freedman, University 
Hospitals, Cleveland, on ‘Adhesive Peri- 
carditis—Encapsulated Pericardial Eftu- 
sion.’’ This was based on cases proved 
either surgically or by post-mortem ex- 
amination and demonstrated the diagnostic 
and differential diagnostic roentgen signs 
of pericardial adhesions and encapsulated 
pericardial effusions including Kienbéck’s 
pericardial diverticulum. 

Krom the Medical and Surgical Chest 
Service, Washington University School 
of Medicine and Barnes Hospital, St. Louis, 
came an exhibit by Dr. E. A. Graham and 
Dr. J. J. Singer on “Chest Tumors and 
Cysts.”” This consisted of roentgenograms, 
photographs, drawings, pathologic speci- 
mens, charts and short case histories show- 
ing different types of chest tumors and 
cysts with diagnostic procedures, types of 
operations, and so on. 

An exhibit entitled “‘Mediastinitis” was 
presented by Dr. C. B. Rabin and Dr. H. 
Neuhof, Mt. Sinai Hospital, New York 
City. This supplemented a paper given in 
the scientific sessions on “‘Acute Infections 
of the Mediastinum.” 

“Ulcerative Bronchial Carcinoma” by 
Dr. Harry Hauser and Dr. S. E. Wolpaw, 
Cleveland City Hospital, consisted of 
roentgenograms and photographs of gross 
specimens of lungs showing a condition 
which appears to be due to abscess forma- 
tion but which on microscopic examination 
proves to be carcinoma. 

Dr. J. C. Kenning, Dr. O. A. Brines and 
Dr. H. L. Weitz, Receiving Hospital, 
Detroit, had an exhibit entitled “Primary 
Carcinoma of the Lung.” In this were in- 
cluded approximately 50 cases, covering a 
three year period, with case histories, 
roentgenograms and microscopic sections 
of each, with explanatory remarks and 
résumé, demonstrating the frequency of 
this condition and the difficulties in dif- 
ferential diagnosis. 

‘Pathogenesis of Congenital Lung Cyst; 
Rdle of Roentgenography in its Diagnosis”’ 
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by Dr. J. Cash King, John Gaston Hospital, 
Memphis, Tennessee, consisted of an ex- 
hibit of photographs illustrating the forma- 
tion of cyst in lung development, why and 
how growth occurs in prenatal and post- 
natal life, also the mechanics of the patho- 
logic physiology that are developing when 
bronchial communications occur. Dr. King 
had another exhibit on “Congenital Cysts 
of the Lung.” This was a series of trans- 
parencies illustrating the various types and 
locations of fetal cysts of the lungs. In- 
cluded in this were colored photomicro- 
graphs of large air cysts showing fibro- 
muscular structure, absence of epithelial 
lining and small trabeculae lying within 
the walls. 

Another exhibit dealing with the lungs 
was “Radiation Changes in Lungs and 
Pleura” by Dr. Harriet C. McIntosh and 
Dr. Sophie Spitz, New York City. In this 
were illustrated the diagnostic features of 
typical radiation pneumonitis, the cases 
for the most part following treatment for 
mammary cancer, chiefly primary inoper- 
able or recurrent. Films showing differen- 
tiation from lung metastasis, slight changes 
and unexpected or atypical results were 
included. The effects in general show quan- 
titative relation to dosage but with striking 
additional correlation with age and arte- 
riosclerosis. Details of dosage were given 
with each case, and also lung tissue doses 
when obtainable. The pathological find- 
ings from five autopsies showed interesting 
points of similarity. 

The exhibit by Dr. F. M. McPhedran, 
Research Department of Respiratory Dis- 
eases of the Germantown Dispensary and 
Hospital, Philadelphia, consisted of two 
parts. Part 1 was entitled “Studies in the 
Evolution and Spontaneous Retrogression 
of Tuberculosis” and in this there was illus- 
trated, from closely spaced serial roent- 
genograms, the differential diagnosis and 
typical course of tuberculous and non- 
tuberculous pulmonary infections. Spon- 
taneous retrogression of tuberculous lesions 
was shown occurring in association with 
severe exacerbations of non-tuberculous 
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lesions. Part 2 was on “Studies in the 
Treatment of Tuberculosis” and showed 
retrogression of tuberculous infiltration 
and excavation in patients treated with 
injections of various killed pyogenic micro- 
organisms both alone and combined with 
tuberculin. 

“Roentgen Anatomy of the Thorax: The 
Oblique Position” was the title of an ex- 
hibit by Dr. C. B. Peirce and Dr. Bruce 
Stocking, Department of Roentgenology, 
University of Michigan, Ann Arbor. This 
was a very interesting anatomic study of 
the intrathoracic portion of the respiratory 
tract as oriented with the cardiovascular 
and skeletal structures in the oblique pro- 
jection, with demonstration of the use of 
the oblique view in cases under considera- 
tion for thoracic surgery. 

An exhibit by Dr. W. C. Scott and Dr. 
Sherwood Moore from the Mallinckrodt 
Institute of Radiology, Washington Uni- 
versity School of Medicine, St. Louis, was 
on “Thoracic and Cardiac Roentgen Ky- 
mography: Its Application in the Study of 
Various Diseases of the Heart and Chest.” 
This included roentgen kymograms of 
various normal and pathological changes 
in the movements of the thorax, medias- 
tinum with its contents, and diaphragm. 
Kymograms of several cardiac lesions were 
shown. A kymoscope for projecting move- 
ments recorded on a kymogram was dem- 
onstrated, as well as a short movie show- 
ing the technique of roentgen kymography. 
This exhibit was given a Certificate of 
Merit by the Committee on Awards. 

In the section of exhibits on the abdomen 
was one by Dr. Joseph C. Bell, Louisville, 
Kentucky, on “X-ray Manifestations of 
Amebic Infections of the Colon before, 
during and subsequent to Treatment.” 
This contained original films showing 


lesions of the large bowel in acute, subacute 
and chronic infections by the Endamoeba 
histolytica. Vindings from follow-up ex- 
aminations made at intervals of from one 
to two and a half years after treatment 
was instituted were presented. A number 
of so-called granulomatous lesions were 


shown together with carcinoma of the large 
bowel simulating these lesions. 

There were two exhibits showing the 
results obtained by the use of pitressin in 
eliminating confusing shadows. One was 
entitled “‘Pitressin as an Aid in Cholecys- 
tography” by Dr. E. N. Collins‘and Dr. 
J. C. Root, Cleveland Clinic Foundation, 
and the other by Dr. J. C. Kenning and J. 
K.. Lofstrom, Receiving Hospital, Detroit, 
on “Use of Pitressin in Gallbladder and 
Genitourinary Examinations.” 

An exhibit by Drs. J. Gershon-Cohen, 
Harry Shay and S. S. Fels of Philadelphia 
dealt with “Studies in Gastric Physiology 
in Man.” This consisted of roentgen studies 
demonstrating pyloric control by the duo- 
denum and jejunum, the extrinsic factors 
involved; unity of antra, pyloric and duo- 
denal action, its quantitative response to 
duodenal stimulation, with liquid and 
solid meals. Gastric emptying after resec- 
tion, posterior gastroenterostomy as af- 
fected by the above mechanisms. 

An exhibit by Dr. M. E. Goodrich, 
Toledo, Ohio, was entitled ““Unusual Re- 
troperitoneal Masses” and consisted of a 
film demonstration of the following: retro- 
peritoneal spindle cell sarcoma in an infant 
aged seven months; inoperable retroperi- 
toneal endothelioma; malignant  astro- 
cytoma in a child aged two and a half 
years; adenocarcinoma of the lower pole 
of the kidney; solitary cyst of the lower 
pole; periarteritis nodosa with massive 
perinephritic hemorrhage; retroperitoneal 
cyst (Wolffian). 

An exhibit entitled ‘“Cholangiography, 
Value During and Following Operation”’ 
was presented by Drs. I*. N. Hicken, R. R. 
Best and H. B. Hunt of the University of 
Nebraska College of Medicine, Omaha. 
The biliary tract can be visualized at the 
time of operation by replacing 20 c.c. of 
bile with thorotrast or lipiodine by way of 
the gallbladder or biliary ducts. Immediate 
roentgenography gives information regard- 
ing calculi, strictures, neoplasms, cholangi- 
ectasis and the patency or occlusion of the 
bile ducts which may help guide operative 
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procedures. Postoperative cholangiography 
done by injection through drainage tubes 
or fistulae shows the above conditions and 
portrays the adequacy of operative and 
drainage procedures. 

Dr. C. J. Johannesson of Walla Walla, 
Washington, presented an_ exhibit on 
“Roentgen Appearances of Conditions and 
I.esions in the Postoperative Stomach and 
Small Intestine.” This demonstrated the 
difficulties the roentgenologist encounters 
in the study of the postoperative stomach 
and small intestine due to the various types 
of operations performed; unhealed or re- 
currence of ulcers; gastrojejunal ulcers; 
marginal ulcers; gastrojejunocolic fistulae; 
development of malignancy about or in 
the region of the stoma, etc. 

An exhibit by Dr. B. R. Kirklin of the 
Mayo Clinic, Rochester, Minnesota, dealt 
with “Cholecystographic Demonstration of 
Gallbladder Tumors.” This consisted of 
cases of gallbladder tumors, both papil- 
lomas and adenomas. The technique as 
well as the differential diagnosis was illus- 
trated. 

Another exhibit from the Mayo Clinic 
was on “Tuberculous Lesions of the Gas- 
trointestinal Tract” by Dr. H. M. Weber. 
This consisted of a series of transparencies 
depicting the roentgenologic manifesta- 
tions of the more commonly encountered 
tuberculous lesions of the alimentary tract. 

One of the outstanding exhibits in the 
section dealing with bones was that by Dr. 
Aubrey O. Hampton and Dr. J. Maurice 
Robinson, of the Department of Roent- 
genology, Massachusetts General Hospital, 
Boston. This was entitled ““The Demon- 
stration of Rupture of the Intervertebral 
Discs into the Spinal Canal, with Special 
Reference to Lesions Accompanied by Low 
Back Pain with Sciatic Radiation.” Rup- 
ture of the intervertebral discs (prolapse 
of the nucleus pulposus, fracture of the 
annulus fibrosis or both) has been a com- 
mon subject for discussion but there has 
not been a clear understanding as to the 
clinical aspects or diagnostic criteria of 
these ruptures when they protrude into the 
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spinal canal. Such information can _ be 
gained only by roentgen study of the sub- 
arachnoid space after the injection of 
lipiodol and these findings must be checked 
by surgical exploration. In a paper in the 
scientific session the authors presented the 
facts derived from a study of a series of 40 
proved cases of clinically important intra- 
spinal ruptures of the intervertebral discs. 
Since the majority of these patients were 
suffering with intractable pain simulating 
sacroiliac disease, sciatica and low back 
strain, the most significant findings are 
within the lumbar canal. The technique of 
the roentgen examination of the lumbar 
spinal canal was presented and a charac- 
teristic filling defect produced in the lipio- 
dol shadow by ruptured discs was demon- 
strated. This exhibit was considered so 
important by the Committee on Awards 
that it was given the Gold Medal. 

An exhibit on ““Anomalies and Fractures 
of the Vertebral Articular Processes” by 
Dr. Wilbur Bailey, Department of Radi- 
ology, University of Southern California 
School of Medicine, Los Angeles, consisted 
of a series of such lesions of the vertebral 
articular processes showing the anomalous 
centers of ossification which are occasion- 
ally seen opposite the tips of the inferior 
articular processes of the lumbar verte- 
brae. Partial fusion or complete lack of 
fusion of such ossicles may be confused 
with fracture. Isolated fractures of the 
articular processes may occur in the same 
region, but from the history and the roent- 
gen appearance a differential diagnosis can 
nearly always be made. 

“Roentgen Studies of Insertions of 
Short Rotator Muscles of the Shoulder”’ 
by Dr. C. W. Blackett and Dr. T. R. Healy, 
Boston, consisted of films made in four 
projections showing insertions of each of 
short rotator tendons in profile and gave 
both anteroposterior and vertical views of 
the shoulder. They showed fragments torn 
from tendon insertions, calcifications in 
various tendons, and secondary changes in 
the humerus following injury to the tendon. 

Dr. R. S. Bromer, Dr. E. P. Corson- 
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White and Dr. Irvin Stein had an interest 
ing exhibit on ““Paget’s Disease, a study of 
Some of its Variations.’’ This included 
clinical, chemical and roentgenologic find- 
ings and where possible microscopic studies 
of Paget’s disease. There was also a com- 
parative study of these findings with the 
results of the same examinations in lower 
animals with hyperostotic bones. 

Another exhibit in the section on bones 
was by Dr. Richard Dresser and Dr. Jack 
Spencer of the Huntington Memorial 
Hospital, Boston, on “Hodgkin's Disease 
and Allied Conditions of Bone.”’ This illus- 
trated in detail a paper by the same title 
given in the scientific session and which 
will appear in a subsequent issue of the 
Journal. 

Another interesting exhibit was ““The 
Differential Diagnosis of Bone Tumors 
by Arteriography” by Dr. Pedro L. Farifas, 
Havana, Cuba. Arteriography is a proce- 
dure that is easily applied to the patient 
without danger and helps materially in 
diagnosis. The technique is quite simple. 
In acute inflammatory processes the ar- 
terial hyperemia shows a regular increase 
in the vessels. In tuberculosis and chronic 
osteomyelitis there is a decrease in the 
number and caliber of the arteries owing to 
the ischemic process. In benign bone 
tumors like chondromas, osteomas, etc., 
the artery may be displaced by the tumor 
but the vessels are regular in caliber and 
number. In giant cell tumors an artery 
following the capsule is seen but the ab- 
sence of intratumoral circulation is the 
rule. In malignant bone tumors, especially 
in sarcomata, there is seen a very irregular 
network of formed vessels running in all 
directions and several branches or arterioles 
nourishing the tumor. The exhibit con- 
sisted of roentgenograms which illustrated 
the above. 

Drs. W. C. Hill, M. A. Thomas and H. L. 
Karmer of Cleveland had two exhibits, one 
on “Uncommon Skeletal Anomalies” which 
dealt with the importance of recognizing 
these anomalies, especially in medicolegal 
cases and industrial cases and the other on 


VoL. 36, No. + 


‘Posterior Dislocation of the Head of the 
Humerus” showing that careful scrutiny 
of stereoscopic views is essential for diag- 
nosis of these dislocations and that vertical 
views of the shoulder show the condition 
quite clearly. 

An exhibit on “The Present Status of 
Roentgen Pelvimetry and Cephalometry” 
by Dr. Paul C. Hodges, University of Chi- 
cago, Chicago, included a stereoroentgen- 
ometer, various other pieces of equipment 
including a special corset worn by patients 
during certain types of pelvic filming, dried 
human pelves and fetal skulls, films and 
transparencies of photographs, charts, etc. 

In his exhibit on “‘Kemoral Neck Frac- 
ture Following Irradiation” Dr. H. W. 
Jacox, Department of Radiology, Univer- 
sity of Michigan, Ann Arbor, presented a 
summary and several representative cases 
of spontaneous fractures of the neck of the 
femur (with and without other areas of 
involvement) following pelvic irradiation 
for various gynecologic malignancies. 

Krom the Presbyterian Hospital and 
Neurological Institute of New York came 
an exhibit prepared by Dr. H. H. Kasa- 
bach, Dr. A. B. Gutman and Dr. C. G. 
Dyke on “Osteoporosis Circumscripta of 
the Skull and Paget’s Disease,”’ This con- 
sisted of representative films of several 
cases of osteoporosis circumscripta of the 
skull to illustrate (1) the roentgenologic 
characteristics of osteoporosis circum- 
scripta of the skull; (2) the development of 
the lesions in the skull due to osteoporosis 
circumscripta over a period of years, with 
particular reference to expansion of osteo- 
porotic areas and appearance of typical 
Paget’s disease, and (3) the association of 
osteoporosis circumscripta of the skull 
with Paget’s disease elsewhere in the skele- 
ton. The roentgenologic, biochemical and 
clinical evidence relating osteoporosis cir- 
cumscripta of the skull to Paget’s disease 
was summarized. 

In the exhibit on ‘‘Roentgenological 
Manifestations of Sarcoid”’ by Drs. W. T. 
longcope, J. W. Pierson, and C. D. Smith, 
Johns Hopkins Hospital, Baltimore, were 
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shown various types of lesions as they occur 
in the osseous system and lungs; also 
photomicrographs, tabulations of the bac- 
teriological studies and general descriptive 
charts of the films and clinical aspects of 
the disease. This exhibit was awarded the 
Bronze Medal. 

Kilms showing “‘Juvenile Familial Leon- 
tiasis Ossea”’ were included in an exhibit 
by Dr. Sherwood Moore from the Mallinck- 
rodt Institute of Radiology, Washington 
University School of Medicine, St. Louis. 

The exhibit on “‘Arthritis of the Hand” 


by Dr. R. M. Stecher, Department of 


Medicine, Western Reserve University, 
Cleveland, consisted of photographs and 
roentgenograms of the hand demonstrating 
the different types of arthritis and some 
other diseases which may be confused with 
arthritis. The characteristic appearances 
as well as atypical changes due to these 
diseases were shown. Special emphasis 
was placed upon the time element in these 
changes and they were demonstrated by 
serial roentgenograms in several instances. 
The essential points in the clinical history 
and descriptions of the roentgen changes 
were given in the labels for each roentgen- 
ogram. 

Contrary to the general impression, so- 
called congenital hips are difficult to diag- 
nose in early infancy and usually are not 
recognized in the period when treatment is 
most efficacious. Therefore in his exhibit 
on “Congenital or Infantile Dislocated 
Hips” Dr. E. C. Vogt, Children’s and In- 
fants’ Hospitals, Boston, presented the 
problems in roentgen diagnosis and factors 
pertaining to etiology. 

Dr. Edward L. Voke, Akron, Ohio, 
showed films demonstrating ‘Osteochon- 
dritis Deformans Vertebrae (Scheuer- 
mann’s Disease),”” a condition which usu- 
ally occurs in the dorsal and lumbar spine. 

In the section devoted to therapy an 
exhibit by Dr. H. H. Bowing and Dr. R. FE. 
Fricke of the Mayo Clinic dealt with “The 
Treatment of Rectal Carcinoma with Ra- 
dium.” This contained drawings and charts 
showing the location and types of ‘esions 


| 
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encountered; location and method of main- 
taining the radium applicators in position 
for the required treatment time; the age 
incidence, the location of the lesions, the 
grade of pathologic change encountered 
and the results obtained. 

Krom the Department of Roentgenology, 
Harper Hospital, Detroit, there were three 
exhibits. One by Dr. kK. E. Corrigan dealt 
with the “Application of Modern Physics 
to Medical Problems.”’ A series of trans- 
parencies were shown to demonstrate the 
possibility of this application; a second 
exhibit by Dr. T. Leucutia and Dr. kK. E. 
Corrigan was entitled “Coordination of 
Physical and Biologic Dosage.’ This pre- 
sented an attempt at coordination and 
standardization of the physical and biologic 
dosage in high voltage and supervoltage 
roentgen therapy by taking into considera- 
tion the quality and quantity of radiation 
as well as the influence of the intensity and 
time factors. A third exhibit by Dr. k. EF. 
Corrigan and Dr. B. Cassen had to do with 
a low voltage tube for the production of 
neutron rays and artificial radioactivity. 

“The Place of Radiation in Pituitary 
Adenomas” by Drs. E. C. Cutler, M. T. 
Schnitker, M. C. Sosman, and W. W. 
Vaughan of the Peter Bent Brigham Hospi- 
tal, Boston, was an exhibit which amplified 
the papers in the symposium on pituitary 
adenomas. There were shown typical 
photographs of patients demonstrating the 
three types of adenomas, the chromophobe, 
acidophile and basophile, the typical roent- 
genograms, characteristic visual fields and 
the clinical and laboratory findings before 
and after radiation therapy. This exhibit 
was awarded a Certificate of Merit. 

Dr. Richard Dresser of the Huntington 
Hospital, Harvard Medical School, Boston 
had an exhibit on “Production of Super- 
voltage Roentgen Rays by Means of Van 
de Graaft Generator.” This served to illus- 
trate a paper on the same subject and in- 
cluded a model of the Van de Graaff gener- 
ator. 

A study of the “Application of Endocrine 
Studies to Radiation Therapy” was pre- 
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sented by Drs. Milton Friedman and Rita 
Finkler of Newark, N. J. This dealt with 
the physiological pathology of disturbances 
of the endocrine glands usually treated by 
radiation therapy such as amenorrhea, 
menorrhagia, breast hyperplasias, endo- 
metriosis, pituitary hyperplasia; the rela- 
tion of quantitative prolan and estrin 
determinations to the prognosis and the 
choice of treatment. 

A very well arranged exhibit was given 
by Drs. Karl Kornblum, Fred Boerner and 
S. G. Henderson of the Graduate Hospital, 
University of Pennsylvania, Philadelphia, 
on “The Effects of Irradiation upon the 
Normal Blood Cells as Determined by the 
Blood Count.” This presented a critical 
analysis which had been made of the ef- 
fects of irradiation on the normal blood 
cells, as determined by the blood count. 
Quantitative estimations of the blood 
cells were made prior to, during and after 
irradiation. Attempts were made to stimu- 
late the leukocyte count by the injection 
of typhoid vaccine and liver extract. 

A very timely exhibit on “Roentgen 
Therapy of Infections” was given by Dr. 
W. F. Manges and Dr. R. Manges Smith, 
Jefferson Hospital, Philadelphia. This con- 
sisted of beautiful translight photographs 
of various infectious processes, including 
the factors used in the therapy together 
with temperature charts and photographs 
before and after treatment. To the average 
radiologist this exhibit was most valuable 
since it proves the possibilities of roentgen 
therapy in the infections which are en- 
countered daily. 

Dr. James M. Martin and Dr. C. L. 
Martin, Baylor University Hospital, Dallas, 
Texas, showed their method of ““Treatment 
of Cancer of the Head and Neck using 
Radium Needles and Coutard Therapy.” 
This was a very well arranged and instruc- 
tive exhibit showing a large number of 
translight photographs and colored models 
illustrating malignant tumors of the mouth 
lip, ear, sinuses, skin and neck before, 
during and after treatment. 

Another exhibit dealing with the treat- 
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ment of ‘Cancer in the Region of the Kar” 
was presented by Dr. G. E. Pfahler and 
Dr. J. H. Vastine. This was a very instruc- 
tive and beautifully arranged exhibit con- 
sisting of colored positive translight films, 
mounted to illustrate the various types of 
carcinoma that develop in the region of 
the ear, and giving detailed data of treat- 
ment. This supplemented a paper given in 
the scientific session. 

An exhibit from the Memorial Hospital, 
New York, by Edith H. Quimby, L. D. Mar- 
inelliand Dr. Joseph Farrow dealt with ““Tis- 
sue Dosage from External Irradiation.” This 
consisted of drawings and photographs of 
a new type of ionization chamber which 
had been especially designed for the study 
of tissue dosage; also data for surface and 
depth doses obtained by this means for 
several qualities of radiation. 

Among the miscellaneous exhibits was 
one entitled “Planigraphy and ‘Tomog- 
raphy” by Dr. J. R. Andrews and Dr. R. 
J. Stava, University Hospitals, Cleveland. 
This demonstrated the diverse methods 
employed by different investigators for the 
roentgenographic projection of images of 
plane sections of solid objects on roentgen 
lm; an experimental tomograph which 
was constructed by the exhibitors was 
shown, and a selected group of films made 
with the experimental tomograph were 
presented which showed what may be 
accomplished in the practical roentgeno- 
graphic application of the planigraphic and 
tomographic principles. 

An exhibit on “Cutaneous Tuberculosis”’ 
by Dr. George M. MacKee and Dr. A. C. 
Cipollaro, Skin and Cancer Unit, New 
York Post-Graduate Hospital, consisted of 
144 beautiful colored clinical photographs 
showing all of the different varieties of 
cutaneous tuberculosis. 

An exhibit by Dr. William H. Stewart, 
lenox Hill Hospital, New York, was en- 
titled ‘‘Cine Fluorography”’ and consisted 
of moving pictures of the fluoroscopic 
image. This interesting demonstration was 
awarded a Certificate of Merit. 

An interesting chart summarizing the 
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accomplishments of the American Board 
of Radiology was shown. It took up the 
following: personnel of the Board; spon- 
soring organizations; examinations; re- 
quirements; number and distribution of 
diplomates. The future examinations of the 
Board will be held in Atlantic City at the 
time of the meeting of the American Medi- 
cal Association in June, 1937, and in Chi- 
cago in September, 1937, at the time of the 
International Congress of Radiology. 

Dr. Robert B. Taft, Charleston, S. C., 
had a very interesting and timely exhibit 
on “The Radioactivity of Thorotrast.”’ 
This included the apparatus used in esti- 
mating the radioactivity of the thorotrast 
found in the liver after the patient had 
been injected with this preparation. A sec- 
tion of the liver excised at autopsy had 
been studied and was demonstrated. The 
percentage rise of radioactivity in the liver 
was shown on charts which had been pre- 
pared to graphically portray the results of 
numerous accurate determinations. From 
one clinical dose of thorotrast was obtained 
gamma radiation equivalent to 1.37 micro- 
grams radium. Symptoms of radium pot- 
soning have been caused by 2 micrograms 
and death has resulted from 14 micrograms. 
This exhibit was so timely and so convinc- 
ing that it was awarded the Silver 
Medal. 

Dr. Charles A. Waters, Johns Hopkins 
Hospital, Baltimore, had an exhibit on 
“Congenital Obstructions at the Uretero- 
Pelvic Juncture.”” This showed the fre- 
quency of the condition, the clinical mani- 
festations, roentgen findings, operative 
technique and results. 

The Cleveland Clinic exhibit was beauti- 
fully arranged and especially instructive. 
It included the following: “Kidney Pa- 
thology Shown by Moulages and X-ray 
Transparencies” by Dr. Wm. E. Lower; 
‘“Moulages of Carcinoma of the Rectum 
Removed by Abdominoperineal Resection 
One Stage Operation” by Dr. T. E. Jones; 
“Typical Cases of Arthritis Shown by 
Moulages and X-Ray Transparencies” by 
Dr. R. L.. Haden; ‘‘Bone Lesions as shown 
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by Roentgen Transparencies” by Dr. 
James Dickson; “Photomicrographs of 
Red Blood Cells in Natural Color” by Dr. 
R. 1. Haden. The exhibit was arranged by 
Dr. B. H. Nichols and the moulages were 
by M. Petroff. These moulages were beauti- 
fully executed, being remarkably like the 
original in every detail. 


THE GOLF TOURNAMENT 


The annual golf tournament of the 
American Roentgen Ray Society was held 
this year in Cleveland at the Pepper Pike 
Country Club on Monday, September 28, 
the day preceding the regular sessions 
of the Society. It was a great success and 
the largest tournament ever held by the 
Society. The tournament was open to 
members, registered guests and commer- 
cial exhibitors, and forty-one participated. 
The beautiful golf course, overlooking the 
surrounding country, was not too difficult 
and was in excellent playing condition. An 
occasional light shower late in the day did 
not interfere with play or in any way damp- 
en the good spirit of the players who found 
warmth and conviviality in the clubhouse 
after completion of their rounds. In the 
evening a generous dinner was served, fol- 
lowing which prizes were distributed to 
winners in the different events which had 
been scheduled. According to the rules, no 
individual could win more than one prize, 
and, as promised by the Committee, the 
poorer players were as well provided for as 
were those with low handicaps. Most of 
these fine and useful prizes were offered 
through the generosity of various commer- 
cial firms with local representatives in 
Cleveland. Dr. Walter C. Hill was the host 
at the club and Dr. U. V. Portmann was in 
charge of the golf tournament arrange- 
ments. 

The winners of events and their prizes 
were as follows: 

(1) American Roentgen Ray Society 
Golf Championship, first low gross for 
36 holes—168—-won by Dr. Willis F. 
Manges, Philadelphia. The prize was an 
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onyx fountain pen desk set donated by the 
DuPont X-ray Film Corporation. 

(2) Second low gross for 36 holes, won by 
Dr. Russell Gates, Santa Barbara, Cali- 
fornia. The prize was a radio donated by 
the Westinghouse X-ray Corporation. 

(3) First low gross for 18 holes, won by 
Dr. E. P. McNamee, Cleveland, Ohio. The 
prize was an 8X10 cassette complete with 
screens, donated by the Buck N-Ograph 
Company. 

(4) Second low gross for 18 holes, won 
by Dr. C. A. Good, Rochester, Minnesota. 
The prize was a leather golf bag donated by 
the Kelley-Koett Manufacturing Corpora- 
tion. 

(5) Kirst low net for 36 holes, won by 
Dr. J. H. Vastine, Philadelphia. The prize 
was a Foreign Body Localizing Screen 
donated by the Patterson Screen Company. 

(6) Second low net for 36 holes, won by 
Dr. Arthur Betts, Spokane, Washington. 
The prize, a leather handbag, was donated 
by H. P. Engeln Company. 

(7) and (8) There was a tie for low net 
for 18 holes between Dr. J. D. Zulick, 
Philadelphia, and Dr. C. W. Eley, Nor- 
folk, Virginia. These two tossed a coin for 
first and second place. Dr. Zulick won first 
prize, which was an electric waffle baker 
given by the Waite and Bartlett Manu- 
facturing Company. Dr. Eley was second 
and the prize was an electric fan, donated 
by the General Electric X-ray Corpora- 
tion. 

(9) Best score on 3 par holes, won by 
Dr. J. C. Bell, Brooklyn, N. Y. The prize 
was a credit of $10.00 given by the Hotel 
Cleveland. 

(10) The best score on 5 par holes, won 
by Dr. C. P. Rutledge, Shreveport, Pa. 
The prize was a Kodak, given by the Fast- 
man Kodak Company. 

(11) Longest drive on No. 10 hole, won 
by Dr. B. R. Kirklin, Rochester, Minne- 
sota. The prize was a golf umbrella,donated 
by the Picker X-ray Corporation. 

(12) Fewest putts for 36 holes, won by 
Dr. B. S. Putts, Erie, Pennsylvania. The 
prize was an electric desk clock, given by 
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the Victoreen Instrument Company. 

(13) Fewest putts for 18 holes, won by 
Dr. J. R. Cooper, New Castle, Pennsyl- 
vania. The prize was a set of leather club 
head covers. 

(14) Highest score for 36 holes 233 
won by Dr. Byron H. Jackson, Scranton, 
Pennsylvania. The prize, a bag for practice 
balls and in it a mess of old balls to en- 
courage him to practise. 

(15) Highest score for 18 holes-—-116 
won by Dr. H. M. Imboden, New York 
City. The prize was a rain coat. 


THE COMMERCIAL EXHIBIT 


The commercial Exhibit in connection 
with this year’s meeting of the American 
Roentgen Ray Society in Cleveland kept 
pace both in extent and in quality with the 
other features of the meeting. The hall 
where the exhibit was held was a large 
one located next to the room devoted to 
the scientific sessions and was one par- 
ticularly well adapted for the most favor- 
able display of all types of apparatus 
pertaining to the practice of roentgenology. 
Much progress has been made recently in 
the design of roentgen equipment and much 
of interest to the roentgenologist was 
shown. As always, the Society appreciates 
the time and effort which the manufac- 
turers expend in bringing their equipment 
and representatives to the meeting and 
wishes through the Journal to extend its 
thanks to those who were represented. The 
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following were included in this year’s list 
of exhibitors: Patterson Screen Company, 
Standard X-Ray Company, Philips Me- 
talix Corporation, Picker X-Ray Corpora- 
tion, Machlett Laboratories, Buck X- 
Ograph Company, Gevaert Company of 
America, General Electric X-Ray Corpora- 
tion, Kelley-Koett Manufacturing Cor- 
poration, DuPont Film Manufacturing 
Corporation, Eastman Kodak Company, 
Victoreen Instrument Company, Fink- 
Roselieve Company, Westinghouse X-Ray 
Corporation, Agfa-Ansco Corporation, 
Charles C Thomas, Adlanco X-Ray Cor- 
poration, Davies, Rose and Company, 
National Aniline and Chemical Company, 
and Wescott Paper Products Company. 
OFFICERS ELECTED 

At the recent meeting of the American 
Roentgen Ray Society held in Cleveland, 
the following officers were elected for the 
year 1936-1937: President: Dr. Charles A. 
Waters, Baltimore, Md.; President-Elect: 
Dr. B. R. Kirklin, Rochester, Minn.; 
First Vice-President: Dr. W. E. Chamber- 
lain, Philadelphia, Pa.; Second Vice-Prest- 
dent: Dr. Ira H. Lockwood, Kansas City, 
Mo.; Secretary: Dr. Eugene P. Pender- 
grass, Philadelphia, Pa. (re-elected); Treas- 
urer: Dr. E. L. Jenkinson, Chicago, IIl. 
(re-elected); Historian: Dr. Percy Brown, 
Boston, Mass. (re-elected); Member of the 
Executive Council: Dr. U. V. Portmann, 
Cleveland, Ohio. 
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ROENTGEN AND RADIUM 
THERAPY 


Hurcuison, R. G. Interstitial radium treat- 
ment of carcinoma of the breast: description 
of a radical technique. Brit. ‘¥. Surg., Jan. 
1935, 22, 405-474. 

The term “radical implantation” herein used 
means that the technique is radiologically 
complete. The author believes it to be surgi- 
cally and radiologically sound. 

The method, which has gradually been 
evolved during the past two years, has been 
developed on inoperable cases using the method 
described by Keynes as a starting point. In 
view of the results obtained it is now felt that 


ular zone, and the irradiation extended to 
include the supraclavicular zone. 

The time interval has been too short and the 
number of cases treated too small to give a 
worth while statistical analysis. In 53 cases 
treated, all of the inoperable variety, 17, or 
32.1 per cent, are alive over one year and 
under two years.—G. W. Chamberlain. 


HarrinGcron, Stuart W, Unilateral carcinoma 
of the breast treated by surgical operation 
and radiation. Surg., Gynec. Obst., Feb. 
15, 1935; 60, 499 504. 


The author analyzes 3,137 cases of unilateral 
carcinoma of the breast, operated upon at the 
Mayo Clinic from 1gto to 1929, as follows: 


FIVE YEAR RESULTS 


Grade of 


Treatment 
Malignancy 


No. of cases 


traced 
Surgery I 4 
alone 2 4 
3 174 
4 326 
Surgery I 8 
and I 121 
roentgen | 456 
ray 4 == 


it can be satisfactorily used in certain circum- 
stances in the treatment of operable cases. 

A description of the technique is presented 
and diagrams illustrate the method of placing 
the needles for irradiation of the breast, axilla, 
supraclavicular area and mediastinum. The 
features of the technique as noted by the author 
include the irradiation of a large volume of 
tissue in continuity, the application of the allied 
principles of peripheralization of radium foci 
and of crossfire irradiation, a new approach to 
the problem of mediastinal lymphatic area 
involvement, a new approach to the irradiation 
of the upper axilla so that an unbroken volume 
of radiation extends from breast to supraclavic- 


With Involvement of 
Axillary Nodes 


Without Involvement of 


Axillary Nodes 


Alive ¢ | No. of cases Alive 5 
years .| traced years 
29 93.1% 
67 71 9% 
27.3% 52 62.5% 
17.1% 86 56.0% 
100.0% 25 100.0% 
45.8% | 6 86.3% 
31.8% 84 60.5% 
21.9% §3 64.0% 


Krom these statistics the author concludes 
that roentgen therapy should be employed as 
a routine postoperative measure only in the 
cases in which the malignancy is shown micro- 
scopically to be of high grade. This means that 
roentgen therapy should be employed as a 
routine measure in practically all cases since 
85 per cent of the tumors which were graded 
were in the higher grades (3 and 4). 

An analysis of Harrington’s statistics shows 
an advantage in the cases treated by both 
surgery and irradiation over the cases treated 
by surgery alone. 

It should be borne in mind that the technique 
and equipment have been vastly improved 
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since IgloO, at which time filters were just 
coming into universal use, and ten years before 
the development of the deep therapy machines. 
The technique has even improved since Janu- 
ary I, 1929, the time of treatment of the last 
cases included in Harrington’s series. These 
cases were all operated upon at the Mayo Clinic 
with the best possible surgical technique which 
has remained fundamentally the same since 
described by Meyer and Halsted in 1888. Har- 
rington does not state by whom the roentgen 
therapy was administered, but it is probable 
that the technique was very varied, most of 
the patients being referred back to their local 
physician for postoperative treatment. 

It must be borne in mind that it is usually 
the more extensive case in which roentgen 
therapy is advised as a postoperative measure, 
while with the small, rather well-circumscribed 
lesion of short duration the surgeon can be 
more confident of complete removal and there- 
fore surgery alone is often depended upon in 
these early cases..-¥. H. Vastine. 


Gites, Roy G. Roentgen therapy of mammary 
cancer. South. M. F., July, 1935, 28, 620-624. 
One hundred and ninety-one cases of mam- 

mary cancer were studied. Of these patients 

who had no glandular involvement, 78 per cent 
attained five year cures; of those with glands, 

66 per cent lived five years or longer. Of 122 

cases operated upon 96 per cent received post- 

operative irradiation, 61 per cent remaining 
alive and well for five years or more. Early diag- 
nosis, improved surgical procedure, improve- 
ments in radiotherapy, pre- and postoperative 
irradiation and irradiation in advanced mam- 
mary cancer are fully discussed. Radiation 
therapy is considered a flexible procedure, 
varying in its application with the clinical con- 
dition present. The proper evaluation of its 
use is difficult because it is largely used in the 
treatment of inoperable and metastatic cancer 
where palliation is the only expectation. Insuf- 
ficient credit is given for its accomplishments. 


W. R. Brooksher. 


Votre, Viro. Nuove osservazioni sulla cura 
delle metrorragie della puberta mediante 
l’irradiazione delle milze coi raggi rontgen. 
(New cases of treatment of metrorrhagia at 
puberty by irradiation of the spleen with 
roentgen rays.) Radio/. med., Sept., 1935, 
22, 839-844. 

The author discusses the pathogenesis of the 
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metrorrhagias of puberty and briefly reviews 
the methods of treating them by temporary 
roentgen castration and irradiation of the 
hypophysis, both of which have their disad- 
vantages at this age. 

On the other hand, irradiation of the spleen 
has proved of value both in his hands and those 
of other investigators. He discusses 10 cases 
in which he has had excellent results. There 
was only one case in which it was necessary to 
resort to roentgen castration and this was one 
in a patient of twenty-one in whom the re- 
peated copious loss of blood had caused severe 
anemia. Rectal examination showed no anom 
aly in the uterus or adnexa. But as the 
metrorrhagia recurred after four series of irra- 
diations of the spleen temporary roentgen 
castration was performed with permanent re- 
sults. In all the other cases the hemorrhage was 
definitely stopped by the irradiation of the 
spleen and the patients’ general condition im 
proved. 

A valve apparatus was used with a tension 
of 170 kv., with filters of 0.7 copper and 1 mm. 
aluminum, focus-skin distance 30 cm.; anterior, 
lateral and posterior fields 6X8 cm. in size; 
half-value layer 0.87; a dose of 280 r (about 
45 per cent of a skin erythema dose) per field 
and per treatment. After five days 240 r was 
given (equal to 40 per cent of a skin erythema 
dose). After a month this cycle was repeated 
and after another month if necessary it was 
repeated again. The first cycle was always 
given with the patient in the hospital; the 
others could be given outside the hospital. In 
2 cases one cycle of treatments was enough; in 
the other cases the full three cycles were given. 

In the cases in which it was possible to make 
a blood examination there was an increase in 
red and white cells and platelets. The coagula- 
bility of the blood was also increased. 

The author believes that the irradiation of 
the spleen not only shortens the coagulation 
time of the blood and has a vasoconstrictor 
action on the blood capillaries of the uterine 
mucous membrane but that it affects the 
ovaries by complex hormonic actions which are 
not yet thoroughly understood. .d/udrey G. 
Morgan. 


Warp, GeorGce Gray, and Sacketrr, NELSON 
B. Radium therapy of carcinoma of the 
cervix uteri. Surg., Gynec. & Obst., Keb. 15, 
1935, 60, 495-499. 
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The authors employ the following technique: 
an initial dose of 3,600 to 4,200 mg-hr. of ra 
dium, depending on the extent and size of the 
cancerous growth. One hundred milligrams are 
placed intracervically with the equivalent of 
i mm. of platinum screening, and in the periph- 
ery at the junction of the cervix with the 
vaginal fornices platinum needles (0.5 mm.) 
containing 12.5 to 13 mg. each are inserted, or 
if the vaginal vault is invaded, 75 mg. of radium 
in silver boxes are used in spring colpostats. 
In exceptional cases of extensive disease 6,000 
to 6,700 mg-hr. has been used for the initial 
dose. Since 1930 high voltage roentgen therapy 
has been employed by McIntosh, according to 
the following technique, in Class ur and iv 
cases: Two series six to eight weeks apart, 4 
portals, 800 r per portal, at 200 kv., 30 ma., 
so cm. distance, 0.§ cm. copper and 1 cm. of 
aluminum filter; occasionally a third series is 
given. Since June, 1933, the fractional method 
has been used. The distance has been increased 
to 70 cm. Two portals are treated at each visit 
every other day, 200 to 2s50 r being given 
through each until a total of 2,000 to 2,400 r 
has been given through each of 4 areas. This 
treatment takes from three to three and one- 
half weeks and is not ordinarily repeated. In 
cases with extensive disease, they have recently 
followed the practice of Healy and others, of pre- 
ceding radium with roentgen therapy. The 
authors report in the following table on 457 
cases of carcinoma of the cervix, 439 of which 
were treated with radium.—Y7. H. Vastine. 


Classification 
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prognosis of adenomata is probably somewhat 
more unfavorable than that of pavement epi 
thelial carcinomata. The therapeutic results 
are about the same in the two groups but as 
more of the adenocarcinomata are operable 
when they come for treatment it would seem 
that their prognosis is rather worse. There is a 
difference in the prognosis of external and in- 
ternal adenocarcinomata. The former, though 
more of them are operable, show a poorer prog- 
nosis than the internal form. Possibly the 
greater operability is only apparent and there 
are really distant metastases at the time of 
examination. The prognosis is worse both with 
reference to primary healing and five year cure 
and metastases are more frequent after treat 
ment. 

Analysis of the clinical anatomy of adeno- 
carcinoma of the cervix indicates that irradia- 
tion is the treatment of choice in these tumors, 
though it is possible that hysterectomy may 
be preferable in the external forms which are 
readily accessible to surgical treatment. This 
question must be studied, however, on a larger 
material.—dudrey G. Morgan. 


Heyman, J. The so-called Stockholm method 
and the results of treatment of uterine cancer 
at the Radiumhemmet. Acta radiol., 1935, 
16, 129-148. 


The so-called Stockholm method is a frac- 
tional contact treatment or “brachyradium 
treatment,” consisting of a few applications 
given during the course of a month. Relatively 
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Nitsson, Prognose und Behandlung 
der Kollumadenokarzinome. (Prognosis and 
treatment of adenocarcinomata of the cer- 
vix.) Acta radtol., 1935, 76, 217-223. 

The prognosis and treatment of adenocar- 
cinomata of the cervix is discussed on the basis 
of 80 such cases treated at the Radiumhemmet, 
Stockholm, from 1g16 to 1932 inclusive. The 


large amounts of radium are used with a filter 
equivalent to 3 mm. of lead, and if possible 
radium is applied to the uterus and vagina 
simultaneously. A typical series of treatments 
consists of 40 mg. of radium applied to the 
uterus for twenty hours, or 800 mg-hr., and 
75 mg. applied to the vagina for twenty hours, 
or 1,500 mg-hr. After an interval of a week a 


second treatment is given and after an interval 
of three weeks a third. The total dose in the 
three treatments is 2,400 mg-hr. in the uterus 
and 4,500 mg-hr. in the vagina; total treat- 
ment time about sixty hours. The containers 
are Dominici tubes with walls of gold or 
platinum equivalent to a 1 mm. lead filter. The 
applicators used are illustrated and a special 
method of packing the uterus in tumors of the 
body is described and illustrated. 

This method has been used in about 3,000 
cases of cancer of the uterus from Ig14 to 1928. 
The five year results show absolute cure in 21.3 
per cent of 1,537 cases of cancer of the cervix 
observed. There was a relative cure of 22.5 
per cent in 1,455 cases treated primarily by 
irradiation. The rate of relative cure in Stages 
I, 11, 111 and Iv was respectively $7.5, 34.3, 16.2 
and §.3 per cent. 

As to cancer of the fundus, it is impossible to 
obtain uniform statistics until agreement is 
reached in regard to what is meant by freedom 
from symptoms, in regard to certain doubtful 
histological problems and as to the distinction 
of carcinomas of the body from pure cervical 
cancers. 

A brief summary is given of the five year re- 
sults in the treatment of 169 cases of cancer 
of the fundus and 56 cases of cancer of the 
fundus and cervix. Finally, on the basis of the 
material of the Radiumhemmet, the author 
emphasizes the necessity of having a uniform 
material when comparing statistics on the re- 
sults of treatment. 

He concludes that radiotherapy is a neces- 
sary weapon in the treatment of cancer, prob- 
ably the only method of treatment in more 
than half the cases, the method of choice in 
another 25 per cent and practically unavoid- 
able as preoperative or postoperative treatment 
even in the earliest cases.— Audrey G. Morgan. 


Warton, Lawrence R. Preoperative irra- 
diation of massive tumors of the kidney. 
Arch. Surg., Jan., 1935, 30, 35-51. 


The surgical treatment of renal tumors has 
been highly unsatisfactory. From 5 to 10 per 
cent of the patients are refused operation be- 
cause of the evident metastasis or the large 
size of the tumor; from 12 to 26 per cent have 
had only exploratory operations; from 15 to 
30 per cent die of surgical shock, and of the 
remainder, less than 10 per cent are perma- 
nently cured. In children the mortality is about 
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gO per cent within one year after operation. 

The risk of removing small tumors of the 
kidney is probably no greater than ¢ per cent 
more than it would be in a nephrectomy for 
any reason other than malignancy. The surgi 
cal difficulties encountered in large tumors are 
due to the thin capsule, the friability and 
vascularity of the mass and invasion of the 
perirenal structures. 

The author presents 7 case histories to sup- 
port the proposition of preoperative irradiation. 
These have been divided into three groups: 
(1) large tumors in which nephrectomy was 
performed or attempted without preoperative 
irradiation; (2) large tumors which were re- 
moved after preoperative irradiation; (3) small 
tumors that were removed without irradiation. 

In all of the patients who received irradiation 
there was a remarkable diminution in size so 
that operative interference was feasible. In 
addition, the tumor tissue showed distinct his- 
tological changes such as hyalinization, cell 
fragmentation and _ destruction. Wharton 
stresses the fact that irradiation will not en- 
tirely destroy the tumor but that it is useful 
in the preparation of the patient for operation. 
He believes that surgical procedures, even for 
the purpose of biopsy are contraindicated in 
large renal tumors. He also points out the very 
great advantages of the transperitoneal ap- 
proach in the removal of these tumors.——G. W. 
Chamberlin. 


Hurcuison, R. G. Radium treatment of epi- 
thelioma of the penis. Brit. ¥. Radiol., May, 


1935, 306 “313. 


The author’s surface technique aims to (1) 
irradiate the whole shaft of the penis and (2) 
homogeneously irradiate the whole thickness 
of the shaft. A cylinder is constructed of sponge 
rubber bearing on its outer aspect such an 
amount of radium, and of such distribution, 
that the intensity of radiation at every point 
within the cylinder is approximately equal. 
This is applied to effect a lethal dose to the 
tumor and yet remain within the tolerance dose 
for the normal penile structures. Such a cylin- 
der, fortunately, may be constructed in stand- 
ard size so as to treat practically all cases. 
Retention is secured by bandages and by a 
large piece of thick sorbo rubber applied to the 
lower abdomen and groins in which a circular 
aperture comfortably retains the cylinder. 


Treatment may be intermittent or continuous; 
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5,000 to 6,000 r is delivered producing a brisk 
erythema or even moist desquamation, but no 
damage to normal structures. Healing should 
be complete within two months. The erectile 
function is commonly maintained, but sterility, 
in the absence of contrary evidence, is to be 
considered a probable consequence. Radium 
therapy advocated the treatment of 
choice, leaving surgery as the second line of 


W. R. Brooksher. 
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defense. 
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Srorck, Hans. Die R6ntgenraumbildmessung 
in der Orthopadie. (Roentgen stereoscopic 
measurements in orthopedics.) Fortschr. a. 
d. Geb. d. Réntgenstrahlen, April, 1935, 57, 
369. 


By means of five examples the author em- 
phasizes the value of stereoscopic roentgeno- 
grams in studies of lesions in the pelvis, as by 
it the clinical findings can be correlated with 
the roentgen stereogram and thereby the cor- 
rect form of treatment be most easily insti- 


tuted.-F. T. Leddy. 


Jounsrone, A. S. An adhesive applicator for 
radium therapy. Brit. ¥. Radiol., May, 1935, 
S, 298-304. 

The author describes the preparation of an 
applicator for the surface application of ra- 
dium. Pieces of adhesive material are cut equal 
in size, fixing one firmly on the lesion and 
building the remainder up layer by layer until 
a required thickness is obtained. Radium 
needles or radon seeds are placed on the adhe- 
sive side of another layer and then attached to 
the applicator. An adherent mould, retaining 
its thickness and keeping constant distance, is 
thus constructed. Space for an ulcerating or 
protruding lesion can be readily effected by the 
use of a cork borer. Additional advantages are 
lightness, no inconvenience to the patient, 
safety to the radium and economy.-W. R. 
Brooksher 


GoLDHAMER, K.  “‘Cito-R6ntgenographie,”’ 
beschleunigtes R6ntgenverfahren. (‘‘Cito- 
roentgenography,” a rapid method for proc- 
essing roentgen films.) Fortschr. a. d. Geb. 
d. Réntgenstrahlen, April, 1935, 57, 422. 

This is a preliminary report on a device (the 
Cito-Kammer’’) the author has invented to 
speed up development and fixing of films so 
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that the whole process takes two minutes ot 
less, without the use of a dark room.—-E. 7. 


Leddy. 


Sampson, H. L. A double-exposure roentgeno 
logical chest technique. Am, Rev. Tuberc., 
1935, 97, 

A double-exposure roentgenological chest 
technique has been adopted at Trudeau Sana- 
torium as a routine procedure following extra- 
pleural thoracoplasty. A Potter-Bucky grid 
procedure is used for the lung collapsed after 
thoracoplasty on one-half of the film and the 
usual technique for the better lung on the other 
side. This technique is followed out on a single 
or on a pair of stereoroentgenograms. With the 
Potter-Bucky grid technique they have been 
able to “bring into view” cavity formation in 
the compressed lung, which otherwise would be 
lost. This procedure is recommended for any 
case in which one side is very dense.—L. H. 
Osmond. 


Kaye, G. W. C., BELL, G. E., and Binks, W. 
The protection of radium workers from 
gamma radiation. Brit. Radio/., Jan., 1935, 
8. 6—26. 


In the use of roentgen rays a system of pro- 
tection measures has been formulated on the 
basis of a “tolerance dose.’’ This dose is gov- 
erned by many variable and uncertain factors, 
but broadly speaking, it may be one one-thous- 
andth of an erythema dose in a period of three 
working days when the entire body is irra- 
diated. This dose, the writers point out, is 
equivalent to 0.2 r per day of seven to eight 
hours or to 10° r per second of continuous 
irradiation for such a day. 

Utilizing this “tolerance dose’”’ and the Sie- 
vert unit dose equivalent to 8.0 r of gamma 
radiation per milligram-hour at 1 cm. distance 
from a point source of radiation filtered with 
0.5 mm. of platinum, the authors have meas- 
ured the direct and stray radiation from ra- 
dium under different circumstances such as 
storage in safes, handling, transportation, and 
use in radium bombs. 

The two main factors of protection from 
gamma radiation are distance and lead shield- 
ing. Two graphs present the value of these two 
factors in protection. Several tables are pre- 
sented to indicate what these factors are in 
specific circumstances such as may occur in 
the everyday use of radium. 
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The authors’ conclusions support the recom 
mendations of the International and British 
Protection Committee. —G. W. Chamberlin. 


Rose, D. K. An immobilizing retractor which 
allows direct exposure of bladder carcinoma 
to x-ray therapy. ¥. Uro/., June, 1935, 33, 
664-668. 


A description is given of the author’s retrac- 
tor designed to permit the use of unscreened 
radiation from roentgen rays in direct exposure 
of carcinoma of the bladder, eliminating radia- 
tion of the skin. The operation is performed 
under inhalation plus caudal anesthesia and 
by means of avertin per rectum; it is possible 
to then apply radiation to the carcinoma for 
forty-five minutes. A case is reported in which 
1,926 r (with back-scattering) were delivered 
direct to the tumor.—¥.. R. Brooksher. 


Axertunp, Axe. Uber. Bestrahlungsdiagramme 
in der R6ntgentherapie. (Irradiation dia- 
grams in roentgen therapy.) Acta radio/., 
1935, 76, 498—S02. 


The author recommends graphic methods of 
marking dosage in roentgen therapy for the 
purpose of supplementing the usual roentgen 
protocols, not of replacing them. A particularly 
clear and convenient one is a circular diagram 
divided into 360° and marked in the same way 
as the face of a clock every 30°, corresponding 
to the months and days of the year. On treat- 
ment days the doses are marked along the radii 
of the diagram with shorter or longer strokes 
according to their size, using different signs for 
different fields of treatment and different filters. 

Audrey G. Morgan. 


LinpBLom, K. Instruments for taking biopsy 
specimens with description of a new model. 
Acta radiol., 1935, 16, 295-300. 

It is frequently necessary to obtain biopsy 
specimens from deep tumors in the internal 
organs. This has sometimes been done by 
simple aspiration, but it is preferable to use 


instruments with which pieces of tissue of 


uniform size can be obtained. The author 
describes and illustrates a punch of this kind 
which has been used at the Radiumhemmet 
since April, 1934, with satisfactory results. In 
some cases it seems superior to Hoftman’s 
original punch. Probably experience will show 
that different tumors in different situations 
require different biopsy instruments for the 
best results.—Audrey G. Morgan. 
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GROsSMANN, G. Tomographie |. (Tomography. 
1.) Fortschr. a. d. Geb. d. Réntgenstrahlen, 
Jan., 1935, 57, 61. 


Grossmann discusses the various methods ot 
producing roentgenograms of a single level of 
the body by having the roentgen tube and the 
film move simultaneously. He has developed an 
apparatus—the tomograph—-which  accom- 
plishes this purpose and this article illustrates 
the advantages it has over other similar 


devices.—E. T. Leddy. 


Lurr, F. Experimentelle Beitrage zur Detailer- 
kennbarkeit und Detaildarstellbarkeit bei 
verschiedener Aufnahmetechnik. (An experi- 
mental study of detail with different tech- 
niques of exposure.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, April, 1935, 57, 412. 


The author used a gelatin ladder as a phan- 
tom to investigate various exposure techniques 
so that visibility and recognition of detail could 
be estimated objectively. He investigated 
various degrees of hardness from 38 to 105 kv., 
with and without screens and with and without 
a Potter-Bucky grid. He discusses the various 
data he obtained and states that these facts 
represent only optimal values.—F-. T. Leddy. 


THoraAecus, R. Experimental investigation of 
some dosage conditions in the technique of 
roentgen treatment used in Sweden. cta 
radiol., 1935, 76, 16g-177. 


It is often desirable in roentgen therapy to 
recalculate the dosages obtained in the free 
air into those obtained immediately at the sur- 
face of the irradiated field. This transformation 
is of special interest in the treatment of former 
years when no small perfect ionization cham- 
bers were available. The author gives many 
measurements which he has made both on a 
wax phantom and on patients in the course of 
treatment, showing that this recalculation of 
the values is possible with a limit of error of 
not more than +5 per cent. These measure- 
ments were made chiefly on the qualities of 
rays used in treatment in Sweden but the re- 
sults are of general interest as they show that 
the differences in value between the different 
qualities are quite small.— Audrey G. Morgan. 


BENNER, SvEN. Strahlungsmessungen an mit 
radiologischen Arbeiten beschaftigtem Per- 
sonal. (Measurement of irradiation on the 
personnel of radiotherapeutic hospitals.) 


Acta radiol., 1935, 16, 185-190. 
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The author describes the measures of protec 
tion taken for the personnel of different radio 
therapeutic hospitals in Sweden. The condi 
tions under which the individuals worked are 
described and tables are given showing the 
details of the amounts of radiation to which 
they were subjected per day. The daily doses, 
as a rule, lay far below the dose of 0.2 r per day 
which is generally accepted as a tolerated dose. 
In a few cases this limit was exceeded consid- 
erably. The effect of various factors on the 
average doses observed is discussed.—-.dudrey 
G. Morgan. 


Zimmer, K. G. Uber Dosismessungen wahrend 
Roéntgendiagnostik. (The measurement of 
dose during roentgen diagnostic procedures.) 
Fortschr. a. d. Geb. d. Rontgenstrahlen, April, 
1935, 57, 418. 

To ascertain the risks of injury during diag- 
nostic procedures Zimmer measured by means 
of Sievert dosimeters the actual! 
intensities of 24 patients. He found an average 
of 0.45 r per each film made and 1.95 r for each 
roentgenoscopy. Leddy. 
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JADERHOLM, K. Bruno. Einige Untersuchungen 
iiber die Hautbelastung bei R6ntgendiag- 
nostik. (Studies of skin dosage in roentgen 
diagnosis.) radiol., 1935, 76, 518-527. 


The author reports determinations of the 
amount of rays that affect the most exposed 
parts of the skin in examinations of the stom- 
ach and colon and in making general roentgeno- 
grams of the abdomen. The measurements 
which were made with Sievert’s measuring 
chamber showed dosages of from g to 74 r at 
each examination. There is only rarely any in- 
jury of the skin, therefore, but such injuries 
have occurred and there is danger if several 
examinations are made in succession without 
care in the technique. As the focus-skin dis- 
tance is decreased there is a rapid increase in 
the intensity of the action on the skin. The 
focus-skin distance should never be less than 
30 cm. and 50-60 cm. is better. The filter of 
o.§ mm. aluminum used for other parts of the 
body should be replaced by one of not less 
than 1 mm. and from that up to 2 mm. 
Audrey G. Morgan. 
STRANDQVIST, MaGmus. A direction indicator 
for réntgen tubes. .4cta radiol., 1935, 76, 
3047 309- 
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The author describes and illustrates an 
apparatus for directing roentgen tubes in the 
treatment of deep-seated tumors over small 
fields. Given the horizontal and vertical dis- 
tances between the center of the tumor and the 
“centering point” of the held, the tube may 
be adjusted accurately. The management of the 
apparatus is simple and any adjustment can 
be easily reproduced at the next treatment. The 
radiologist may prescribe the direction of the 
ray and the technical roentgen staff can adjust 
the tube accurately. 

The instrument can also be used advantage- 
ously in diagnostic examinations to ‘work out 
standard adjustments.—.dudrey G. Morgan. 


Faccint, Bruno. Cenni di roentgenbiologia 
generale e del sistema endocrino in partico- 
lare. (Roentgen biology in general and that 
of the endocrine system in particular.) 4rch. 
ai radtol., 1934, 70, §32-S5$1. 


The author reviews the general work that 
has been done on the biology of the roentgen 
rays and discusses in considerable detail the 
effects of the rays on the blood and on the 
various endocrine glands. The chief thing evi- 
dent from this study is the great complexity of 
the biological phenomena that takes place in 
the cells and tissues of the living body, the 
many vital functions dependent on the various 
endocrine glands and the varied and important 
interrelationships between them. It also shows 
the absolute necessity of skilled and competent 
internists and roentgenologists and of close 
cooperation between them in the treatment of 
all endocrine abnormalities, for while this treat- 
ment may be of the greatest value it may also, 
if given improperly or on wrong indications, 
prove useless, harmful or even fatal.—Audrey 
G. Morgan. 


BENNER, SVEN, and SNELLMAN, Byorn. On the 
therapeutic importance of the secondary 
B-rays. Acta radiol., 1935, 76, 233-241. 


Physical and biological experiments on the 
secondary beta-radiation from different filters 
(platinum and palladium) are described and 
their significance in treatment discussed. The 
platinum filter gives a higher secondary beta- 
radiation than the palladium filter, the dif- 
ference being perceptible even under more than 
i mm. of water. In biological experiments the 
same difference was found on applying radium 
needles of these two metals to the skin of hu- 


man beings and to rabbits’ ears, but no difter 
ence could be seen in experiments in inter 
stitial irradiation as a_ necrotic 
formed.—- Audrey G. Morgan. 
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ForssBerG, Arne. Uber einige biologische und 
biochemische Wirkungen der y-Strahlen, 
insbesondere mit Riicksicht auf die gleich- 
zeitige Einwirkung anderer kaktoren—Tem- 
peratur, Licht, u.s.w. (Some biological and 
biochemical effects of gamma rays, especially 
with reference to the simultaneous action of 
other factors—temperature, light, etc.) eta 
radtol., 1935, 10, 204-216. 

The author describes the effects of continu- 
gamma irradiation on enzymes 
(catalase and peroxidase) and on germinating 
seeds, as well as on the development of the 
plants after germination. The experiments 
show that external conditions such as tempera- 
ture and light affect the results of irradiation. 
The action on the catalase under- 
went continuous variations around a normal 
value. Similar variations were seen under cer- 
tain conditions in the action of peroxidase. 

Experiments in gamma irradiation of seeds 
at 19° and 24.5° showed that the former temper- 
ature development and the latter 
hastened it as compared with controls. As the 
non-irradiated controls germinated better at 
19° the inhibiting action of the gamma irradia- 
tion and the increase of temperature are not 
added to each other. 

Similar experiments on Drosophila eggs are 
described; they showed greater sensitiveness to 
irradiation at higher temperatures. It will re- 
quire further experiments to show whether 
sensitiveness to irradiation is correlated with 
a maximum temperature for development. 
Audrey G. Morgan. 
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KApRNKA, S., and Junet, R. La pulmo-radio- 
graphie experimentale et ses etapes: 1: alveo- 


larie——pulmo-alveolographie—aet 2: lym- 
phatique——pulmo-lymphographie. (Exper 
mental pulmo-roentgenography and _ its 


stages: (1) alveolar—pulmo-alveolography, 
and (2) lymphatic—pulmo-lymphography.) 
radiol., 1935, 76, 361-378. 


The authors have made roentgenological and 
histological examinations of the lungs of rab- 
bits which were given colloidal thorium in- 
travenously in fractional doses and graduated 
amounts. The animals were examined at vary- 
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ing periods up to three years after the injec 
tions. Thorium is usually filtered out by the 
spleen, liver and bone marrow but when an 
amount is given in excess of what can be 
handled by these organs it is fixed by the 
alveolar epithelium of the lungs. The walls of 
the alveoli are impregnated with the metal, 
giving the appearance of a network with very 
fine meshes. This is called a pulmo-alveolo 
gram. As time passes the meshes become larger 
until they reach about the size of a lobule and 
give a honeycomb-like picture due to the dep 
osition of thorium in the perivenous and peri 
bronchial lymph vessels. This is called the 
pulmo-lymphogram. 

The dose of thorium to give a 
shadow in the lungs did not injure the animals 
when given by the proper technique. If too 
large a total dose or too large a single dose was 
given the animals died. The method cannot at 
present be used clinically... dudrey G. Morgan. 


necessary 


Worscuitz, F. Uber die metahistologische 
Struktur fibrillarer Gebilde tierischer Ge- 
webe. (The metahistologic structure of the 
fibrillary components of animal tissues.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, Jan., 


1935, 57, St. 


This paper is a continuation of the author’s 
study of the application of Laune’s theory to 
the determination of the structure of body 
He finds that the 
are the same for the fibers he investigated 
myo- and collagen fibers—-and are 
length 2,050 and width 75 Angstr6m units. 
He feels therefore that the metahistologic 
structure of the polypeptid chains in the 
tagma is probably qualitatively and quantita- 
tively the same.—FE. T. Leddy. 
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BEcCHINI, GASTONE. Sull’azione di alcuni al- 
caloidi irradiati con raggi X od U.V. (The ac- 
tion of some alkaloids irradiated with roent- 
gen or ultraviolet rays.) Radio/. med., July, 


) 


1935, 22, 6go 69}. 


The author found that pilocarpin takes on a 
yellowish tint when irradiated with roentgen 
rays and to a still greater degree when ir- 
radiated with ultraviolet rays. He therefore de- 
cided to make experiments to determine 
whether these irradiations have any effect on 
the pharmacological action of this and other 
drugs. In this article he describes experiments 
with atropin, pilocarpin and nicotine. He exper- 


‘ 


imented on the salivary glands of living dogs 
and on smooth muscle preparations small in 
testine of dogs and esophagus of frogs. So far he 
has not found any change whatever in the 
pharmacological action of the drugs resulting 
from irradiation with either roentgen or ultra- 
violet ravs...dudrey G. Morgan. 

TENEFF, STEFANO, and Sroppant, FRANCO. 
Influenza delle irradiazioni sulle linfoghi- 
andole e sulla linfatica. (The 
effect of irradiation on the lymph glands and 
yn the lymphatic circulation.) Radio/. med., 


\ug., 1935, 22, 768. 


circolazione 


The authors describe experiments on dogs 
and guinea pigs in which they studied the 
effects of roentgen irradiation on the lymph 
glands and lymphatic circulation, giving special 
attention to the effect on the reticulo-en- 
dothelial cells, the changes in the lymphatic 
tissue and the circulation of the lymph through 
the irradiated glands. They made histological 
examinations of the glands, some of which were 
injected with India ink and some were not. 
They also made roentgenograms, using colloidal 
thorium, by a special method of their own. 
They give details of the experiments, illus- 
trated with photomicrographs and roentgeno 
grams. They used small, moderate and large 
doses of radiation. 

They found that small doses brought about 


an increase in the pigment-storing function of 


the reticulo-endothelial cells of the lymphatic 
glands; moderate doses decreased this function 
considerably and large doses not only abolished 
it completely but entirely destroyed the cells 
themselves. Small doses did not have any effect 
on the lymphatic cells and follicles but as the 
were the cells and follicles 
showed distinct signs of injury until finally with 
large enough doses they were destroyed. The 
glands remained normally permeable to the 
lymphatic circulation with small, moderate and 
large doses even when there was a considerable 
amount of destruction of tissue.—.dudrey G. 
Morgan. 


doses increased 


IMpIOMBATO, GASTONE. La radiosensibilita del 
renale. (The 
kidney tissue.) Radio/. med., May, 1935, 22, 


487-503. 


tessuto 


The experimental work done so far on the 
effect of roentgen rays on the kidney has tended 
to show a considerable degree of sensitiveness 
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radiosensitiveness of 


but there has been difference of opinion as to 
whether the rays act on the tubules or glomeruli. 
Attempts to use the rays in therapy have not 
been very successful however. 

In order to test the question further the au- 
thor irradiated the kidneys of rabbits with 
doses of 500 r, 1,000 r, 2,000 r and 3,000 r. 
The doses were fractionated so that micro- 
scopic examination could be made of the kid- 
neys after periods of from three to forty-five 
days after the irradiation. Unfortunately, a 
large proportion of the animals irradiated with 
doses of 3, r died prematurely of severe 
lesions of the liver and intestines. Only one 
kidney was irradiated in all cases so that the 
other could be used as a control. Lumbar and 
abdominal fields with a diameter of about 7 cm. 
were irradiated with a focal distance of 23 cm., 
filter 0. mm. zinc and 3 
cm. spark gap and 2 ma. 


mm. aluminum, 40 
Doses of less than 2,000 r had practically no 
effect at all. Doses of more than 2,000 r, or 
about three times the erythema dose, caused a 
first phase of hyperemia and congestion, a 
second phase of degeneration of the epithelial 
cells and a third phase of secondary sclerosis of 
the kidney. The action was a direct one on the 
epithelial cells. The microscopic findings are 
given in detail and, illustrated with photomicro- 
graphs. 

On the whole, therefore, the kidneys are 
quite resistant to the rays, being about the 
least sensitive of the organs. The author does 
not believe that irradiation can be used clini- 
cally to exclude kidney function.—dudrey G. 
Morgan. 


Morrram, J. C. On the alteration in the sensi- 
tivity of cells towards radiation produced by 
cold and by anaerobiosis. Brit. ‘~. Radiol., 
Jan., 1935, 8, 32-39. 


Utilizing the growth of the roots of the 
broad bean, Mottram has shown the following 
results to irradiation: The roots are more sensi- 
tive to irradiation in the cold, so that in order 
to obtain this increased sensitivity the roots 
must be treated while maintained under low 
temperatures. This is true for the shorter as 
well as the longer time of exposure. 

To study the effect of irradiation in anaerobic 
conditions the author compared the extent of 
growth of the roots of the broad bean in a 
nitrogen chamber with the growth in air. It 
was noted that the roots under anaerobic con- 
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ditions are much less sensitive to gamma radia- 

tion than when oxygen is present. These find- 

ings confirm the work of Crabtree and Cramer. 
G. W. Chamberlin. 


GrirritrH, H. D., and Zimmer, K. G. The 
time-intensity factor in relation to the 
genetic effects of radiation. Brit. ¥. Radiol., 
Jan., 1935, 8, 40-47. 


\ study of the time-intensity factor in ir- 
radiation is important to the practical radiolo- 
gist in analyzing his clinical results, it is im- 
portant in the derivation of the “tolerance 
dose”’ when considering problems of protection, 
and it may be of value in a study of the bi- 
ological effect of roentgen rays. 

Utilizing the formula of Schwarzschild, the 
author discusses the value of “‘p”’ the Schwarz- 
schild exponent. This value is different for dif- 
ferent reactions, for example, it is widely dif- 
ferent for different wave lengths of irradiation. 
Tables are presented to show the variations in 
the value of the exponent in a large number of 
biological test objects of different nature. 

The production of mutations by irradiation 
has been shown to be a valuable method in 
measuring the biological activity of radiation. 
Detailed study over a wide range of condi- 
tions shows that the mutation rate is practi- 
cally the same whether one uses a fixed dose of 
radiation over a short period of time, over a 
long period of time, or with intervals of time. 

The three factors which influence the time- 
intensity relation in any reaction are restitu- 
tion, change in radiosensitivity and the exist- 
ence of a threshold intensity. In the irreversi- 
ble process of mutation by radiation there is 
no variation in the radiosensitivity, and no 
indication of a threshold intensity or threshold 
dose has been found. 

The authors indicate that if it be true that 
mutations occur in man as in Drosophila, then 
the idea of a tolerance dosage is invalid since 
there is apparently no restitution in this bi- 
ological reaction. This is extremely important 
in considering the welfare of persons in daily 
contact with radium and roentgen rays. 
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Further investigation should be done to 
study the time-intensity factor for genetic 
changes when the dose extends over a much 
longer range of time.—G. W. Chamberlin. 


Lurr, F. Das Scheinerrad in der Réntgen- 
sensitometrie. (The Scheiner disk in roentgen 
sensitometry.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, June, 1935, 57, 609. 


Luft discusses the exclusion of errors due to 
the stroboscopic effect, to interference, and to 
the Schwarzschild effect from roentgen sensi- 
tometric determinations by means of the 
Scheiner disk, a new design of which he pro- 


poses. E. Leddy. 


REUTERWALL, O. The influence of 1:2:5:6 
dibenzanthracene on the marginal surface 
tension between oil and serum. 4cta radio/., 
1935, 76, 149-154. 


The complex composition of tar is an ob- 
stacle tc the closer study of the conditions in- 
volved in the production of cancer. It is now 
possible to work with certain polycyclic aro- 
matic hydrocarbons prepared synthetically, 
and 1:2:5:6 dibenzanthracene particularly has 
been tested. When given subcutaneously or 
intraperitoneally it has produced cancer in 
mice and sarcoma in mice, rats and fowl. It has 
been used extensively in the department of 
pathology of the Radiumhemmet to determine 
whether there is any change in the capacity of 
the body for reacting to this substance during 
the course of cancer experiments. 

The author gives a preliminary report on 
experiments which show that this substance 
has a marked effect on the marginal surface 
tension between oil and serum. Some other 
polycyclic aromatic hydrocarbons which do not 
produce cancer were tested and it was found 
that they did not have any effect on the mar- 
ginal surface tension. Other aromatic hydro- 
carbons will have to be examined before this 
can be reported as a general rule.—-Audrey G. 
Morgan. 


